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Safety
RADIATION PROTECTION MANUAL

1. Purpose. This guidance manual prescribes the requirements of
the Radiation Protection Program of the US Army Corps of
Engineers (USACE) contained in Engineer Regulation (ER) 385-1-80,
Radiation Protection, and Engineer Manual (EM) 385-1-1, Safety
and Health Requirements Manual. It is to be used when activities
utilize or handle radioactive material (which includes
radiocactive wastes) or a radiation generating device.

2. Applicability. This manual is applicable to USACE personnel,
and visitors to a worksite under the jurisdiction of USACE where
radioactive material or a radiation generating device may be
present. It shall be used in conjunction with ER 385-1-80 and EM
385-1-1.

3. References. See Appendix A.

4. Scope. This manual fully describes policies and procedures
for the use of radiocactive material and radiation generating
devices at all USACE sites. It should be used to evaluate the
acceptability of practices by USACE personnel and contractors on
USACE controlled sites.

FOR THE COMMANDER:

[
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Wl antt—
OTIS WILLIAMS
Colonel, Corps of Engineers
Chief of Staff
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Chapter 1. Organization of
USACE Radiation Protection
Program.

1-1. Purpose.

This guidance manual prescribes
the requirements of the
Radiation Protection Program of
the US Army Corps of Engineers
(USACE) contained in Engineer
Regulation (ER)  385-1-80,
lonizing Radiation Protection,

and Engineer Manual (EM)385-1-
1, Safety and Health
Requirements Manual. It is to
be used when activities utilize

or handle radioactive material
(which includes radioactive
wastes) or a radiation
generating device. Radiation
generating devices include X-
ray equipment, accelerators,
lasers, radio-frequency and
electromagnetic field
generators. Authoritative
guidance and regulations are
contained in 10 CFR (Energy)
and the NRC Regulatory Guides,
29 CFR (Labor) 1910 and 1926
OSHA regulations, and 40 CFR
(Protection of the
Environment). This manual is
intended to assist USACE
Commands in integrating
essential requirements
contained in Federal, DA and
USACE radiation  protection
regulations to ensure that the
safety and health requirements

of all agencies are met.

1-2. Applicability.
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This manual is applicable to
USACE personnel and visitors to

a worksite under the
jurisdiction of USACE where
radioactive material or a
radiation generating device may
be present. It shall be used

in conjunction with ER 385-1-80

and EM 385-1-1. Contractor
requirements concerning
ionizing and non-ionizing

radiation protection issues are
contained in EM 385-1-1

1-3. Policy.

a. USACE will work to
ensure that all personnel
radiation exposure is kept as
low as is reasonably achievable
(ALARA) taking technological
and socioeconomic factors into
account. Radiation exposure to
USACE personnel, visitors and
contractors, as well as to the
general public, will be con-
trolled so that exposures are
held well below regulatory
limits. There shall be no
radiation exposure without a
commensurate benefit.

b. All personnel involved
with ionizing radiation work of
any kind will be knowledgeable
of the programs, policies, and
procedures contained in ER 385-
1-80 and this manual. Personnel
working  with non-ionizing
radiation should be
knowledgeable of the specific
information concerning these
topics presented in this
manual. They should
demonstrate responsibility and
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accountability ~ through  an acceptability of health and
informed, disciplined, and safety practices by USACE
cautious attitude toward personnel and contractors on
radiation and radioactivity. USACE controlled sites.

c. Continuing improvement b. The manual is also
in radiation (ionizing and non- intended to be consistent with
ionizing) protection is all Federal (NRC, OSHA, EPA,
essential to USACE operations DOE, and DOT) DA, USACE, State,
involving radiation. All and local statutes and
personnel working with regulations (that s,
radiation are expected to look “applicable regulations”), and
for ways to improve radiation integrate the various
protection and make USACE regulations into one coherent
projects more efficient. publication for USACE

operations. It will be revised
1-4. Management Commitment, whenever necessary to achieve
Involvement, and Leadership. consistency with statutes and
regulations.
Superior, consistent
performance is achieved when c. For all contracts and
gualified personnel use activities that require
approved procedures and when Federal, State, or local
management actively monitors licensure or permitting, such
the work place and assesses licenses or permits shall be
ongoing activities. To achieve secured, and all license or
such performance requires permit conditions shall be
constant  review, informed adhered to. If the stated
involvement and leadership by license or permit conditions
senior management. All levels vary from applicable sections
of management must emphasize of this manual, such license or
the need for high standards of permit  conditions prevalil.
radiation safety through direct Contractors will be required to
communication, clear secure proper licensure or
instruction, and frequent permitting (for activities that
inspections of the work area. require it) within specified
time frames and before the date
1-5. Scope. that they are scheduled to
begin the work. All USACE
a. This manual fully Commands and contractors using
describes policies and Army radioactive  materials
procedures for the safe use of will meet requirements of
radioactive material and
radiation generating devices at Nuclear Regulatory Commission
all USACE sites. It should be (NRC) licenses and Army
used to evaluate the Radiation Authorizations (ARAS)

1-2



issued to USACE and the US Army
Materiel Command, and of
applicable  Army  technical
publications.

e. Alternatives  to
procedures addressed in this
manual may be acceptable
provided the  alternatives
achieve the same, or higher,
level of radiation protection.
Alternative procedures must be
approved by the Radiation
Protection Officer, or Laser
Safety Officer, as appropriate,
and for specific conditions,
higher level authorities prior
to implementation.

1-6. Overview of this Manual.

1-3
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This manual is designed to
address all health and safety
aspects of work with radiation
within USACE. Most personnel
within USACE will not need the
entire manual but will need to
select the chapters and
sections applicable to their
work  requirements. Some
generic  classifications  of
radiation work are listed in
Table 1-1 with reference to the
applicable chapters of this
manual. It is recommended that
all personnel working with
radioactive material and
radiation generating devices
read Chapters 1, 2 and 3 of
this manual. Depending on the
type of work being performed,
portions of other chapters may
be applicable.
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Table 1-1
Personnel Positions in Relation to Applicable Chapters

Personnel Positions

Applicable Sections of
EM 385-1-80 AUA | AU | RPO | LSO | SUPERVISOR | SOHO

ORIGINATOR | RPC
REVIEWER RPSO

CQA HPs
| e —— ||

Chapter 1 - Radiation

Protection Program X X X X X X
Chapter 2 - Personnel

Responsibilities X X X X X X
Chapter 3 -

Introduction to X X X X X
Ionizing Radiation

Chapter 4 - Licensing X X X X
Chapter 5 - Dose Limits

and ALARA X X X X X
Chapter 6 - Working

With Radiation X X X X X
Chapter 7 - Personnel

Monitoring X X X
Chapter 8 -

Transportation of

Radioactive Material X X X

Chapter 9 - Waste

Management X

Chapter 10 - Lasers X

Chapter 11 - RF & EMF X
AUA Authorized User’s Assistant AU Authorized User
RPO Radiation Protection Officer LSO Laser Safety Officer

SUPERVISOR Supervisor of activities involving radioactive material
ORIGINATOR Originator of projects/plans/procedures using radioactive material

REVIEWER Reviewer of projects/plans/procedures using radioactive material
CQA USACE Construction Quality Assurance personnel

SOHO Safety and Occupational Health Office

RPC Radiation Protection Committee

RPSO Radiation Protection Staff Officer

HPs Health Physics personnel



USACE Personnel
and

Chapter 2.
Responsibilities
Qualifications.

2-1. The Chief,
Occupational Health
(CESO), HQUSACE.

Safety and
Office

and
Office,
responsible for
program management and
oversight for licensing,
accountability, possession,
use, storage, transfer and
disposal of all radioactive
material and radiation
generating devices within
USACE. This responsibility
shall be discharged by:

The Chief,
Occupational
HQUSACE, 1is

Safety
Health

a. Appointing and
maintaining on staff a
qualified Radiation Protection
Staff Officer (RPSO).

b. Assuring Command
implementation of Department of
Army and USACE radiation
protection policy.

2-2. Radiation Protection Staff
Officer (RPSO).

a. The RPSO 1s an
individual designated by the
Chief, Safety and Occupational
Health Office, to serve as the
MACOM RPSO responsible for the
USACE Radiation Protection
Program. The RPSO will have
the following necessary
training, experience, and
education:

EM 385-1-80
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(1) an individual who
meets the qualification and
classification standards for
the Office of Personnel
Management (OPM) job series for
a GS-1306, Health Physicist;
GS-690, Industrial Hygienist;
or GS-803, Safety Engineer;

with three years of experience

in the occupational
health/radiation protection
field.

(2) -forty hours of formal
training covering:

(a) the physics of
radiation, radiation's
interaction with matter, and

the mathematics necessary to
understand the above subjects;

(b) the biological effects
of radiation;

instrumentation
monitor,

(c) the
necessary to detect,

and survey radiation, and the
use of such instrumentation;
and

(d) radiation safety
techniques and procedures.
This training shall include the
use of time, distance,
shielding, engineering
controls, and personnel
protective equipment (PPE) to

reduce exposure to radiation.

(3) practical, hands-on
experience using radiation
instrumentation, procedures,

and theory.
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(4) a working knowledge
of the Army Radiation
Protection Program and the
USACE Radiation Protection
Program and the record keeping
requirements for work with
radioactive material and

radiation generating devices.

(5) a working knowledge
of Us Nuclear Regulatory
Commission (NRC), Uus

Environmental Protection Agency
(EPAR), US Department of Energy
(DOE) , Us Department of
Transportation (DOT), and Us
Department of Labor (DOL) which
is the responsible for the US
Occupatiocnal Safety and Health
Administration (OSHA), and US
Army regulations pertaining to
radioactive material and
radiation generating devices.

b. Duties of the RPSO are
as follows:

(1) Serve as the primary
liaison between USACE, DA and
NRC in matters concerning
radicactive materials or
radiation generating devices.

(2) All NRC 1license
actions will be submitted
through, reviewed, and accepted

by the RPSO.

(3) Provide a copy of all
correspondence relating to NRC
applications to DA as required.
The RPSO will retain copies of
all NRC radioactive material
licenses and correspondence

(originals will be retained by

the licensee).

(4) Ensure that each USACE
Command possessing an NRC
radioactive material license is
audited at least triennially to

ensure compliance with the
USACE Radiation Protection
Program. The RPSO, or
designee, will check for
compliance ' with the USACE
Radiation Protection Program
and the NRC radioactive
material license. The RPSO, or

his designee will document all
inspection findings and submit
them to the audited USACE
Command for review and action.

2-3. USACE Commanders.

USACE Commanders shall:

a. Ensure a Radiation
Protection Committee (RPC)
shall be formed when the
Command possesses an NRC
license with a condition
stating that the licensee shall

have a RPC, or if the Commander
considers an RPC necessary.
The RPC will consist of

personnel and duties described
in subparagraph 2-11.

b. Designate, in writing,
a qualified person to serve as
USACE Radiation Protection
Officer (RPO) when any of the
following is true:

(1) an NRC License, Army
Reactor Permit, ARA or
applicable technical
publication requires it,




USACE Radiation Protection
Program and the record keeping
requirements for work with
radioactive material and
radiation generating devices.

(5) a working knowledge
of US Nuclear Regulatory
Commission (NRC), usS
Environmental Protection Agency
(EPA), US Department of Energy
(DOE), US Department of
Transportation (DOT), and US
Department of Labor (DOL) which
is the responsible for the US
Occupational Safety and Health
Administration (OSHA), and US
Army regulations pertaining to
radioactive material and
radiation generating devices.

b. Duties of the RPSO are
as follows:

(1) Serve as the primary
liaison between USACE, DA and
NRC in matters concerning
radioactive materials or
radiation generating devices.

(2) All NRC license
actions will be submitted
through, reviewed, and accepted
by the RPSO.

(3) Provide a copy of all
correspondence relating to NRC
applications to DA as required.

The RPSO will retain copies of
all NRC radioactive material
licenses and correspondence
(originals will be retained by

the licensee).

(4) Ensure that each USACE
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Command possessing an NRC
radioactive material license is
audited at least triennially to

ensure compliance with the
USACE Radiation Protection
Program. The RPSO, or
designee, will check for
compliance with the USACE
Radiation Protection Program
and the NRC radioactive
material license. The RPSO, or

his designee will document all
inspection findings and submit
them to the audited USACE
Command for review and action.

2-3. USACE Commanders.

USACE Commanders shall:

a. Ensure a Radiation
Protection Committee (RPC)
shall be formed when the
Command possesses an
license with a condition
stating that the licensee shall
have a RPC, or if the Commander
considers an RPC necessary.
The RPC will consist of
personnel and duties described
in subparagraph 2-11.

NRC

b. Designate, in
a qualified person to serve as
USACE Radiation Protection
Officer (RPO) when any of the
following is true:

writing,

(1) an NRC License, Army
Reactor Permit, ARA or
applicable technical
publication requires it,

(2) personnel are
to wear dosimetry,

required
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(3) personnel are
to participate in a bioassay
program.

required

c. Fund, maintain and
support the RPO and the
Radiation Protection Program.
The RPO shall meet the
gualifications and provide the
services described in paragraph
2-4.

d. Fund, maintain and
support the Laser Safety
Officer (LSO) and the Laser
Safety Program when a USACE
Command operates, maintains or
services a non-type-classified
class Illb or class IV laser
system as defined in section
1.3, ANSI Z136.1. The RPO may
be designated as the LSO. The

LSO shall meet the
gualifications and provide the
services described in paragraph

2-5.

2-4. Radiation __ Protection
Officer (RPO).

a. The RPO (also known as
a Radiation Safety Officer
(RSO) in other documents) is a
person, designated by the USACE
Command, and tasked with the
supervision of the USACE
Radiation Protection Program
for that command. The RPO
shall have direct access to
the Commander for radiation
protection purposes. The RPO
ensures compliance with current

directives (AR’s, ER 385-1-80,
EM 385-1-1, etc.) for radiation
protection and with this

2-4

manual. The RPO may limit or
cease operations within their

Command where there is an
eminent and legitimate
radiation safety issue.

b. The RPO shall be

responsible for:

(1) Establishing written
policies and procedures to
assure compliance with
applicable Federal, DOD, and
Army  radiation  protection
regulations and directives.
These documents will include
emergency reaction plans as
necessary and procedures for
investigating and reporting
radiation accidents, incidents,
and overexposures.

(2) Assuring that all
personnel occupationally
exposed to radiation receive
appropriate radiation
protection training
commensurate with  potential
hazards from radiation sources
they may encounter.

3) Maintaining an
inventory of radiation sources
as higher headquarters directs
and IAW with requirements of
NRC licenses, Army reactor
permits, ARAs, and technical
publications.

(4) Approving and filing
records noting all Authorized
Users, Authorized Users’

Assistants and site supervisors
working with radioactive
materials or radiation



generating devices within the
Command.

(6) Providing or securing
an acceptable source for all
required initial and annual
refresher training for all
individuals within the Command.

c. The RPO will review
the USACE Radiation Protection
Program for their Command
annually for content and
implementation. The RPO will
assure that the quality and
timeliness of the program meet
the radiation safety standards
outlined in this manual. The
RPO will review work with
radiation within the Command.
The RPO will write and/or
review  Standing  Operating
Procedures to ensure the
safety, ti meliness, and
compatibility with existing
radiation regulations.

d. The RPO will be
technically qualified, meeting
the experience, training, and
education requirements listed
below:

(1) A working knowledge
of NRC, EPA, DOE, DOT, and US
Army regulations pertaining to
radioactive material, radiation
generating devices,
radioactive and mixed waste
used within their Command.

(2) Forty hours of formal
training covering:

(@ the physics  of

2-5
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radiation, radiation's
interaction with matter, and
the mathematics necessary to
understand the above subjects;

(b) the biologi cal effects
of radiation;

(c) the instrumentation
necessary to detect, monitor,
and survey radiation, and the
use of such instrumentation;
and

(d) radiation safety
techniques and procedures.
This training will include the
use of time, distance,
shielding, engineering
controls, and PPE to reduce
exposure to radiation.

(3) Practical, hands-on
experience using radiation
instrumentation,  procedures,
and theory.

(4) A working knowledge
of the Army Radiation
Protection Program and the
USACE Radiation Protection

Program, and the record keeping
requirements for work with
radioactive material and
radiation generating devices
used within their Command.

2-5. Laser _Safety Officer

(LSO).

a. The LSO is a person
designated by the USACE Command

tasked with the supervision of
the Laser Sections of the USACE
Radiation Protection Program
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for that command. The LSO
ensures compliance with current
directives for laser safety (EM
385-1-1, TB MED 524, ANSI
Z136.1, etc.) and with this
manual.

b. The LSO will review
the USACE Laser Safety Program
for their Command annually for
content and implementation.
The LSO will assure that the
guality and timeliness of the
program meet the laser safety
standards outlined in this
manual. The LSO will write and

review  Standing  Operating
Procedures to ensure the
safety, ti meliness, and

compatibility with  existing
laser regulations.

C. The LSO will be
technically qualified, meeting
the experience, training, and
education requirements listed
below:

(1) A working k nowledge of
applicable regulations
pertaining to lasers used
within their Command.

(2) Practical, hands-on
experience using lasers, laser
procedures, and laser theory.

(3) A working k nowledge of
the Army Radiation Protection
Program and the USACE Radiation
Protection Program, and the
record keeping requirements for

work with lasers within their
Command.

2-6

2-6. Qualified Health Physics

Personnel.

A qualified Health Physicist

(HP) is  responsible for
assisting the RPO with their
USACE Comrmand Radiation
Protection Program, and

reviewing Scopes of Work, Work
Plans, and/or Site Safety and
Health Plans for all work
involving radiation. Qualified
HPs are personnel:

a. Meeting the Office of
Personnel Management Standards
for the HP Series, GS-1306, and
having three years experience
in work with radiation; or

b. Certified as a Health
Physicist by the American Board
of Health Physics, or certified
by the American Board of
Industrial Hygiene (Certified
Industrial Hygienist) and one
year experience working with
radiation; or

c. ldentified as being a
gualified HP by the Director of
Army Radiation Protection, Army
Safety Office, or the Army
Surgeon General, and having
three years experience in work
with radiation.

2-7. Authorized Users (AUS).

AUs are individuals who, by
their training and experience,
are allowed to work,

unsupervised, with radioactive
material or radiation
generating devices. AUs may



also direc tly supervise
Authorized Users Assistants
working with radioactive
material.  All AUs must be
approved by the facility RPC,

if one exists. If the facility

does not require an RPC, the
AUs must be approved by the
RPO. All AUs must meet the
following training and
experience requirements:

a. A working knowledge of
applicable regulations
pertaining  to radioactive
material, radiation generating
devices, and radioactive and
mixed waste with which they may
be working;

b. Unless different
requirements are stated in the
license, authorization  or
permit conditions, eight clock

hours of formal training
covering:

(@) the physics of
radiation, radiation's

interaction with matter, and
the mathematics necessary to
understand the above subjects;

(2) the
effects of radiation;

biological

(3) the instrumentation
necessary to detect, monitor,
and survey radiation, and the
use of such instrumentation;
and

(4) radiation safety
techniques and procedures.
This training will include the

2-7
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use of  time, distance,
shielding, engineering

controls, and PPE to reduce
exposure to radiation.

c. Practical, hands-on
experience using radiation
instrumentation and procedures.
The level of training will be
commensurate with the hazard
presented by the radioactive
material or radiation
generating device; and

d. A working knowledge of
the USACE and his or her USACE
Command Radiation Protection
Program, and the record keeping
requirements for the
radioactive material and
radiation generating devices
used in their work.

e. Instruction in their
rights and
responsibilities  under the
USACE Command NRC license, or
Army Radiation Authorization
(ARA). This includes:

their

(1) the employe I's duty to
provide safe working
conditions;

(2) a report of all
radiation exposure to the
individual;

3) the individual's

responsibility to adhere to the
NRC’s regulations and the
Commands's radiation material

license, or ARA; and

4) the individual's
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responsibility to report any
violation or other occurrence
to the RPO.

f.  Authorized users of
portable gauges will also
receive 8 hours training in the
safety and use of the gauge
from the manufacturer.

2-8. Authorized Users'

Assistants (AUAS).

AUAs are individuals allowed to
work with radioactive material

only under the direct
supervision of an AU (that is,

in the physical presence of the

AU). Al AUAs must be
nominated by the AU and
approved by the RPO. AUAs will
have the training and
experience described below:

a. A total of at least
four hours instruction in the
following:

(1) the health effects
associated with exposure to the
radioactive material or
radiation they work with;

(2) ways to minimize
exposure;

(3) the purpose and use of
protective equipment used in
their work; and

(4) the
regulations to their work.

applicable

b. Practical, hands-on
experience using radiation
instrumentation and procedures.

c. Instruction in their
rights and their
responsibilities  under the
USACE Command NRC license, or
ARA. This includes:

(1) the employe I's duty to

provide safe working
conditions;
(2) a report of all

radiation exposure to the
individual;

3) the individual's
responsibility to adhere to the
NRC’s regulations and the
Command's radioactive material
license, or ARA; and

(4) the individual's
responsibility to report any
violation or other occurrence
to the RPO.

2-9. Site Supervisors/

Construction Quality Assurance

Personnel.

a. Individuals working as
site supervisors or
construction quality assurance
representatives on projects
involving radioactive material
or radiation generating devices
must be knowledgeable of: the

principles of radiation
protection; applicable
regulations  pertaining  to
radioactive material and

radiation generating devices,

and the application of these
principles and regulations to
worker and public health and
safety at project sites.



b. Individuals who
supervise work or act as
construction quality assurance
representatives at sites
involving radioactive material
or radiation generating devices
will have a minimum of eight

hours of radiation safety
training covering the
following:

(1) physics of radiation,
radiation's interaction with
matter, and the mathematics
necessary to understand the
above subjects;

(2) biological effects of
radiation;

(3) instrumentation
necessary to detect, monitor,
and survey radiation, and the
use of such instrumentation;
and

(4) radiation safety
techniques and procedures.
This training will include the
use of time, distance,
shielding, engineering
controls, and PPE to reduce
exposure to radiation.

2-10. Project/Plan/Procedure

Originators and Reviewers

a. Individuals who
originate or review projects,

plans, or procedures involving

radioactive material or
radiation generating devices
must be knowledgeable of the
principles of radiation
protection, the applicable

2-9
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regulations  pertaining  to
radioactive material and

radiation generating devices,

and the application of these
principles and regulations to

worker and public health and
safety.

b. Originators and
reviewers of plans, projects or
procedures for work at sites
using radioactive material or
radiation generating devices
will have a minimum of eight

hours of radiation safety
training covering the
following:

(1) physics of radiation,
radiation's interaction with
matter, and the mathematics
necessary to understand the
above subjects;

(2) biological effects of
radiation;

(3) instrumentation
necessary to detect, monitor,
and survey radiation, and the
use of such instrumentation;
and

4) radiation safety
techniques and procedures.
This training will include the
use of time, distance,
shielding, engineering
controls, and PPE to reduce
exposure to radiation.

2-11. Radiation  Protection

Committee (RPC).

a. Each Command possessing

an NRC license or an ARA with a
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condition stating that the
licensee shall have an RPC, or
where the Commander deems
necessary, shall form an RPC.

At a minimum, the RPC will
consist of:

(1) The Command ing Officer
(CO) or deputy;

(2) The RPO, who will act
as recorder for all meetings;

(83) The Chief; Safety and
Occupational Health Office; and

(4) A representative
Authorized User from each group
using radioactive material or
radiation generating devices in
the Command.

b. The RPC is accountable
to its USACE Commander. The CO
or his/her deputy chairs the
RPC. The RPC will meet at least
once each six-month period and
at the call of the chair. The
RPC will continually evaluate
radiological work activities,
and make recommendations to the
RPO and management. In
addition to its
responsibilities  established
in the Army Radiation
Protection Program, the RPC
responsibilities
include:

(1) Annual review of USACE

Command personnel exposure
records;
(2) Establishing criteria

for determining the appropriate
level of review and

authorization for work
involving radiation exposure;
and,

(3) Evaluating health and
safety aspects of the
construction and design of
facilities and systems and
planned major modifications or
work  activities  involving
radioactive material or
radiation generating devices.

c. The RPO will furnish
the installation commander and
RPSO with copies of the
minutes of all RPC meetings,
within 30 days of the meeting.

2-12. Hazardous, Toxic and

Radioactive Waste (HTRW),

Center of Expertise (CX).

a. The HTRW-CX provides
technical assistance to USACE
headquarters, and design
districts as requested on all
areas of HTRW and environmental
remediation. The CX has a staff
that includes Technical Liaison
Managers (TLMs), Chemists,
Regulatory Specialists,
Geotechnical, Process, and Cost
Engineers, Risk Assessment,
Industrial Hygiene and Health
Physics personnel.

b. The HTRW-CX can provide
technical assistance to the
RPSO as requested, including:

(2) licensing,

(2) inspecting,

(3) product development,



(4) and advice and
guidance on radiation safety

and protection issues.

c. The HTRW-CX can provide
support to other Commands on
radiation safety issues,
including radon,
fluorescence devices for lead
monitoring, etc.

X-ray

2-13. Refresher Training.

USACE personnel who have
completed their initial
training, shall receive annual
refresher training on the
material described for each
person in this chapter. The
refresher training may be
comprised of an update of SOPs,
review of dosimetry results,
changes in standards or
guidance, equipment changes,
and any other pertinent
radiation safety information
that needs review. The length
of this training is dependent

on the specific material being
covered, it does not have to
equal the time requirements
needed for initial training.
Personnel who have completed
their initial training and any
subsequent refresher training,

but currently are not and will

not be assigned to work
involving radiation, are not
required to be up-to-date

regarding the refresher
training requirement.
Personnel  whose refresher

training has lapsed may not
work with radiation until after

completion of refresher
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training. Personnel who have
not received refresher training

for over two years may be
required, at the RPO’s
discretion, to repeat their
initial training.

2-14. Additional Training -

Special Applications.

Additional training may be
required for work involving
special applications  (for
example ,  plutonium, fissile
uranium, tritium, and accelera-

tor facilities). Personnel
working with special
applications should consult
with the HTRW-CX for additional
training requirements.

2-15. All_Personnel including

Visitors, at a Radiation Site.

a. Regulations require
that all individuals who are
likely to receive 100 mrem
above background in one year
shall be kept informed of the
presence of radioactive
material or radiation in the
area and shall be instructed
annually in the following:

(1) The health effects
associated with exposure to the

radioactive material or
radiation;

(2) Ways to minimize
exposure;

(3) The purpose and use of

protective equipment and survey
instruments used in the area;
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4) The regulations instruction shall be
applicable to the area. commensurate with the extent of

the hazard in the area.
b. The extent of

2-12



Chapter 3. Introduction to

Radi ati on.

3-1. Atom c Structure.

a. The atom which has
been referred to as the
"fundanmental buil ding bl ock of
matter," is itself conposed of
three primary particles: the
proton, the neutron, and the
el ectron. Protons and neutrons
are relatively nmassive conpared
to electrons and occupy the
dense core of the atom known as
t he nucl eus. Protons are
positively char ged whi | e
neutrons are neutral. The
negatively charged electrons
are f ound in a cl oud
surroundi ng the nucl eus.

b. The nunber of protons
wi thin the nucl eus defines the
atom ¢ nunber, designated by
t he synbol Z. In an
electrically neutral atom (that
is, one with equal nunbers of
protons and el ectrons), Z also
i ndi cat es t he nunber of
el ectrons within the atom The
nunber of protons plus neutrons
in the nucleus is ternmed the
atom ¢ mass, synbol A

c. The atom c nunber of an
atom designates its specific
el enent al identity. For
exanple, an atomwith a Z=l is
hydrogen, an atom with Z=2 is
helium and Z=3 identifies an
atom of ['ithium At ons
characterized by a particular
atom ¢ nunber and atom c mass
are called nuclides. A
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specific nuclide is represented

by its chemcal synbol with the
atomc mass in a superscript
(for exanple, 3H, C, 2%U) or
by spelling out the chem cal
synbol and wusing a dash to
indicate atomc nmass (for
exanpl e, radium 222, uraniunm
238). Nuclides with the sane
nunmber of protons (that is,

sanme Z) but different nunber of
neutrons (that is, different A
are called isotopes. |sotopes
of a particular elenent have
nearly i denti cal chem ca
properties, but may have vastly
di fferent radi ol ogi cal
properties.

3-2. Radi oactive Decay.

a. Dependi ng
ratio of neutrons to protons
within its nucleus, an isotope
of a particular elenment may be
stable or unstable. Over tine,
t he nucl ei of unstabl e isotopes
spont aneously disintegrate or
transformin a process known as

upon the

radi oactive decay or
radioactivity. As part of this
process, various types of
ionizing radiation may Dbe
emtted from +the nucleus.
Nucl i des whi ch under go

radi oactive decay are called
radi onucl i des. This is a
general term as opposed to the
term radi oi sotope which is used
to descri be an i sot opi c
rel ationshi p. For exanple, 3H
14C, and '?°1 are radionuclides.
Tritium (3H), on the other
hand, 1is a radioisotope of
hydr ogen.
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b. Many radi onuclides such
as radium 226, potassium 40,
thorium 232 and uraniunt 238
occur natural |y in t he
environnent while others such
as phosphorus-32 or sodium 22
are primarily produced in
nucl ear reactors or particle
accel erators. Any materi al
whi ch cont ai ns measur abl e
anount s of one or nor e
radionuclides is referred to as
a radioactive material. As any
handf ul of soil or plant
mat eri al w | contain sone
measur abl e amount of
radi onucl i des, we must
di stingui sh bet ween background
radi oactive materials and nman-
made or enhanced concentrations
of radioactive materi al s.

c. Uranium thorium and
their progeny, including radium
and radon are Nat ural |y
Cccurring Radi oactive Materials
(NORM. Along with an isotope
of potassium (K-40) these make

up the mjority of NORM
materials and are found in nost
all soil and water, and are
even found in significant
quantities wthin the human
body.

d. Anot her gr oup of
radi onuclides are referred to
as transuranics. These are
merely elements with Z nunbers
greater than that of uranium
(92). Al transuranics are
radi oactive. Transuranics are
pr oduced in spent fuel
reprocessing facilities and

nucl ear weapons det onati ons.

3-2

3-3. Activity.

a. The quantity which
expresses t he degree of
radi oactivity or radi ation
produci ng potential of a given
anount of radioactive materi al
is activity. The activity may
be considered the rate at which
a nunber of atons of a material
disintegrate, or transformfrom
one isotope to another which is
acconpani ed by the em ssion of
radi ati on. The nost comonly
used unit of activity is the
curie (G) which was originally
defined as that amount of any
radi oactive mat eri al whi ch
di sintegrates at the sane rate
as one gram of pure radium
That is, 3.7 X 1010
di si ntegrations per second
(dps). A millicurie (nC) =
3.7 x 107 dps. A mcrocurie
(pG) = 3.7 x 10* dps. A
pi cocurie (pCG) = 3.7 x 107
dps.

b. The Syst eme
Internationale (SI) wunit of
activity is the becquerel (BQ)
which equals 1 dps. Systene
Internationale wunits, such as
nmeters and grans, are in use
t hroughout the rest of the
world. Only the United States
still uses units of curies for
activity.

c. The activity of a given
anount of radioactive materi al
is not directly related to the
mass of the material. For
exanpl e, two one-curie sources
cont ai ni ng cesi um 137 m ght



have very different nmasses,
depending wupon the relative
proportion of non-radioactive
atons present in each source.

for exanple, 1 curie of pure
cesium 137 would weigh 87
grans, and 50 billion kil ograns

(100 mllion tons) of seawater
woul d contain about 1 curie of
Cs-137 fromfall out.

3-4. Decay Law.

a. The rate at which a
quantity of radi oactive
materi al decays is proportional

r adi oacti ve
This can be

to the nunber of

atoms present.
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N=N,e P! Eq. 1
Were N equals the nunber of
atons present at tinme t, N, is
t he initial nunber of
radi oactive atons present at
time O, p is the decay constant
for the radionuclide present,
(this can be calculated from
the half-life of the material
as shown below),and e is the
base of the natural |ogarithns.
Table 3-1 indicates half-Ilives
and other characteristics of
several common radi onucl i des.

b. Since activity A is
proportional to N, the equation

expressed by the equation is often expressed as:
(Eqg.):
A = Aeh Eq. 2
Table 3-1. Characteristics of Sel ected Radi onuclides
Radi onucl i de Half-life (Type and max. energy in MeV)
hydr ogen- 3 12. 3 years p, 0.0186
carbon- 14 5370 years p, 0.155
phosphor us- 32 14. 3 days b, 1.71
sul fur-35 87.2 days p, 0.167
pot assi um 40 1. 3E09 years p, 1.310
i odi ne-125 59. 7 days p/ X, 0.035
cesium 137 30.2 years p/ X, 0.51/.662
t hori um 232 1.4E10 years p/ X, 4.081
urani um 238 4. 4EQ9 years p/ X, 4.147
anericium 241 432 years p/ X, 5.49/.059
pb- al pha particle, p-beta particle, X-gamma or X-ray

c. Half-life. When hal f
the radioactive atons in a
given quantity of radioactive
mat er i al have decayed, the
activity is also decreased by

of

half. The tinme required for the
activity of a quantity of a
particul ar radi onucl i de to
decrease to half its origina
value is called the half-life

3-3
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(T,, for the radionuclide.

d. I t be shown
mat hematical ly t hat t he
hal f-l1ife (Ty,, of a particular
radionuclide is related to the
decay constant (p) as foll ows:

can

1n2 0.6893

T1/2 T1/2

Eq. 3

Substituting this value of p
into Equation 2, one gets:

e. Exanple 1: You have 5

nCi  of phosphorus-32 (T,, =
14. 3 days). How nmuch activity
wll remain after 10 days?

A=7?

A, = 5 nC

t =10 d

b = .693

14.3 d
A = Aeh

.6931

—10

A 5 e U

A=3.1n0

f. An alternative nethod

3-4

of determning the activity of
a radionuclide remaining after
a given tine is through the use
of the equation:

(1"

where f equals the fraction of
the initial activity remaining
after tinme t and n equals the
nunber of half-lives which have
el apsed. In Exanple 1 above,

f = Eq. 4

n t/ Ty,

n 10/ 14. 3

0. 69
= (%°

0. 62

fA,

(0. 62) (5)

—h
|

= 3.10 nG

Both methods may be used to
calculate activities at a prior

date, that 1is "t" in the
equations nay be negative.
g. The activity of any

radi onuclide is reduced to | ess

than 1% after 7 half-lives and
|l ess than 0.1% after 10 hal f-
lives.

3-5. Types of | oni zi ng
Radi ati on.

a. lonizing radiation my
be el ectromagnetic or may



consi st of high speed subatom c
particles of various nmasses and
char ges.

(1) Al pha Particles.

Certain radionuclides of high
atomc mass (for exanple,
Ra- 226, U 238, Pu-239) decay by
t he em ssi on of al pha
particles. These are tightly
bound units of two neutrons and
two protons each (a helium
nucl eus). Em ssion of an al pha
particle results in a decrease
of two units of atom c nunber
(Z2) and four units of atomc
mass (A). Al pha particles are
emtted with discrete energies
characteristic of t he
particul ar transformation from
whi ch they ori gi nate.

(2) Beta Particles.

A nucleus wth a slightly
unstable ratio of neutrons to
protons may decay by changing a
neutron into a proton, or a
proton into a neutron through
the em ssion of either a high
speed electron or positron
called a beta particle. This
results in a net change of one
unit of atom c nunber (2Z2), up
one for a beta m nus and down
one for a beta plus. The beta
particles emtted by a specific
radi onuclide range in energy
from near zero to up to a
maxi mum val ue characteristic of
the particular transformation.

3-5
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(3) Gamma-rays.
(a) A nucleus which has

disintegrated is left in an
excited state with nore energy

than it can contain. This
excited nucleus may emt one or
nor e phot ons (that IS,
particles of electromagnetic

radi ati on) of discrete energies
to rid itself of this energy.
The em ssion of these ganma-
rays does not alter the nunber

of protons or neutrons in the
nucl eus but instead has the
effect of noving the nucleus

froma higher to a | ower energy
state. Gamma-ray emni ssion
frequently foll ows beta decay,
al pha decay, and ot her nucl ear
decay processes.

(b) X-rays and ganma-rays
are el ectromagnetic radi ation,
as is visible light. The
frequencies of X- and gamm
rays are much higher than that
of visible light and so each
carries nmuch nore energy.
Gamma- and X-rays cannot be
conpletely shielded. They can
be attenuated by shiel ding but
not stopped conpletely. A ganmma
emtting nuclide my vyield
multiple gamma- and X-rays,
each with its own discrete
energy. It is possible to
identify a ganma emtting
nuclide by its spectrum

(4) X-rays.
X-rays are also part of the

el ectromagnetic spectrum and
are indistinguishable from
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ganma-r ays. The only
difference is their source
(that is, orbital electrons
rather than the nucleus). X-

rays are emtted wth discrete
energies by electrons as they
shift orbits and |ose energy
followng certain types of
nucl ear excitenment or decay
processes.

(5)

radi ati on.

Bremsstrahl ung

When a charged particle passes
near the nucleus of an atom
it deviates fromits origina
path and is sl owed down by the
coul onbic interaction with the
nucl eus. Wien this occurs, the
charged particle will emt a
photon to bal ance the energy.
These phot ons are cal |l ed
bremsstrahl ung radi ation.
Brenmsstrahlung radiation only
becones a significant source of
exposure from high energy beta
particles. The anount of
bremsstrahl ung radi ation
emtted is proportional to the
Z nunber of the nucleus the
beta interacted wth, and the
energy of the beta particle.

(6) Neutrons.

(a) Neutrons are uncharged
particles rel eased during
fission of heavy at ons
(uranium or released from sone
non-radi oactive material after
bonmbar dnent by al pha particles
(americiumberyllium [ Am Be]
sources). Because neutrons are
uncharged particles, they
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travel further in matter. Wen
neutrons are sufficiently
sl owed down in matter

(thermalized) they are absorbed
by matter with an acconpanyi ng
burst of gamrma radiation. The
nature of production of the
neutron determ nes whether it
is emtted in a spectrum(as in
fission) or at a discrete
energy (as from Am Be sources).

(b) A single radioactive
decay event may generate a
| arge nunber of radiations as
illustrated in Table 3-2, for
exanpl e:

Table 3-2
| -125 Radi ati ons
RADI ATI ON ENERGY(keV) DECAY%

Gamma 35 6.7
Ka X-ray 27.4 114
Kb X-ray 31 25.6
L X-ray 3.9 12
K Conv.

Elec. 3.7 80
L Conv.

Elec. 31 11. 8
M+ Conv.

Elec. 35 2.5
K Auger

Elec. 23 20
L Auger

Elec. 3-4 160

KeV: kil oel ectron volt

3-6. Interaction of Radiation

Wth Matter.

a. Excitation/lonization.

radi ati on
al pha particles,

The various types of
(for exanple,



beta particles, and gama-
rays) inpart their energy to
matt er primarily t hr ough
excitation and ionization of
orbital electrons. The term
"excitation" IS used to
describe an interaction where
el ectrons acquire energy froma
passing charged particle but
are not renoved conpletely from
their atom Excited electrons
may subsequently emt energy in
the form of X-rays during the
process of returning to a | ower
energy state. The term
"ifonization" refers to the
conpl ete renoval of an el ectron
from an atom following the
transfer of energy from a
passi ng charged particle. Any
type of radi ati on havi ng
sufficient energy to cause
ionization is referred to as
i oni zi ng radi ati on. I n
describing the intensity of
ionization, the term"specific
ionization' is often used.
This is defined as the nunber
of ion pairs formed per unit
path length for a given type of
radi ati on.

b. Characteristics of
Different Types of [lonizing
Radi at i on.

(1) Al pha particles have a
hi gh specific ionization and a
relatively short range. Al pha
particles are nmassive and carry

a doubl e positive charge. This
conbi nati on al | ons al pha
particles to carry a large

anount of energy but to easily
transfer that energy and be
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st opped. In air, al pha
particles travel only a few
centineters, while in tissue,

only fractions of a mllineter.
For exanple, an al pha particle
cannot penetrate the dead cel

| ayer of human skin.

(2) Beta particles have a
much | ower specific ionization

than alpha particles and a
consi derably | onger range. The
relatively energetic Dbeta's

from P-32 have a range of 6
meters inair or 8 mllinmeters
in tissue. The | ow energy
beta's from H 3, on the other
hand, are stopped by only 6
mllimeters of air or 5
m croneters of tissue.

(3) Gamma- and X-rays are

referred to as indirectly
i oni zi ng radi ati on si nce,
having no charge, they do not
directly apply inpulses to
orbital electrons as do al pha
and beta particles. A gamma-

ray or X-ray instead proceeds
t hr ough matt er unti | it
under goes a chance interaction
with a particle. If the
particle is an electron, it may
receive enough energy to be
ionized whereupon it causes

further ionization by direct
i nteractions W th ot her
el ectrons. The net result is
t hat indirectly i oni zi ng
particles liberate directly
ionizing particles deep inside
a nmedi um nuch deeper than the
directly ionizing particles
could reach from the outside.

Because gamma rays and X-rays
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undergo only chance encounters
with matter, they do not have a
finite range. In other words,
a given gamm ray has a
definite probability of passing
through any nedium of any
dept h.
(4) al so
When

Neutrons are
indirectly ionizing.
striking massi ve particles
such as the nuclei of atons,
the neutron undergoes elastic
scattering losing very little
energy to the target nucleus.
But when a neutron strikes an
hydrogen nucl ei (a single
proton, about the sane mass as
a neutron) the energy is shared
nearly equally between the
neutron and t he pr ot on
resulting in a loss of about
half of the neutron's energy
before the interaction. The
proton now is a charged,
directly i oni zi ng particle
novi ng through matter until al
of its energy is transferred to
the matter.

3-7. Human Health Eff ects.

The effects of i oni zi ng
radi ation described at the
| evel of the human organi sm can
be divided broadly into two
categories: stochastic (effects
t hat occur by chance) or
determ ni stic (non-stochastic)
effects (characterized by a
threshold dose below which
effects do not occur).

a. Stochastic Effects.
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Stochastic effects are those
t hat occur by chance.
Stochastic effects caused by
i oni zi ng radi ati on consi st
primarily of genetic effects
and cancer. As the dose to an
i ndi vi dual I ncr eases, t he
probability that cancer or a
genetic effect wll occur also
i ncreases. However, at no
time, even for high doses, is
it <certain that cancer or
genetic damage wll result.
Simlarly, for stochastic
effects, there is no threshold
dose bel ow which it IS
relatively certain that an
adverse effect cannot occur.
In addition, because stochastic
effects can occur in unexposed
i ndi vi dual s, one can never be
certain that the occurrence of
cancer or genetic damage in an

exposed individual is due to
radi ati on.

b. Deterministic
(Non- Stochastic) Effects.

(1) Unl i ke stochastic
effects, determnistic effects
are characterized by a

t hreshol d dose bel ow whi ch they
do not occur. In addition, the
magni tude of the effect is
directly proportional to the
size of the dose. Furthernore,
for determ nistic effects,
there 1is a clear causal
rel ati onshi p between radiation
exposure and t he ef fect.
Exanpl es of determnistic
effects i ncl ude sterility,
eryt hema (skin reddening), and
cataract formation. Each of




these effects differs fromthe
other in both its threshold
dose and in the tine over which
this dose nust be received to

cause the effect (that is acute
vs. chronic exposure).
(2) The range of

determnistic effects resulting

from an acute exposure to
radi ati on IS col l ectively
termed "radiation syndrone."

Thi s syndronme nmay be subdi vi ded
as follows:

(a) henopoietic syndronme -
characterized by depression or
destruction of bone nmarrow
activity wwth resultant anem a
and susceptibility to infection
(whol e body dose of about 200
rads);

(b) gastroi ntesti nal
syndrome - characterized by
destruction of the intestina
epi thel i um wth resul t ant

nausea, vomting, and diarrhea
(whol e body dose of about 1000
rads); and

(c) central nervous system
syndrone - direct damage to
nervous system with |oss of
consciousness wthin mnutes
(whol e body doses in excess of
2000 rads).

(3) The LD, (that is, dose
that woul d cause death in half
of the exposed popul ation) for
acute whole body exposure to
radiation in humans is about
450 r ads.
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3-8. Determ nants of Dose.

The ef fect of i oni zi ng
radi ati on upon humans or ot her
organisns is directly dependent

upon the size of +the dose
received and the rate at which
the dose 1is received (for
exanple, 100 nrem in an hour

versus 100 nrem in a year)

The dose, in turn, is dependent
upon a nunber of factors
i ncluding the strength of the
source, the distance from the
source to the affected tissue,
and the tine over which the
tissue is irradiated. The
manner in which these factors
operate to determ ne the dose
from a given exposure differs

significantly for exposures
whi ch are "external" (that is,
resulting from a radiation
source |ocated outside the
body) and those which are
"internal" (that is, resulting

froma radiation source |ocated
wi thin the body).

a. External Exposures.

(1) Exposure to sources of
radi ati on | ocated outside the
body are of concern primarily
for sources emtting ganma-
rays, X-rays, or high energy
beta particles. Ext er nal
exposures from radioactive
sources which emt alpha or
beta particles with energies
less than 70 KkeV are not
signi ficant si nce t hese
radi ati ons do not penetrate the
dead outer cell layer of the
ski n.
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(2) As with all radiation
exposures, the size of the dose
resulting from an external
exposure is a function of:

(a) the strength of the
sour ce;

(b) the distance fromthe
source to the tissue being
irradi ated; and

(c) the duration of the
exposure.

In contrast to the situation
for i nt er nal exposures,
however, these factors can be
altered (either intentionally
or i nadvertently) for a
particular external exposure
situation, changing the dose
recei ved.

(3) The effectiveness of a
gi ven dose of ext er nal
radi ation in causing biological
damage i s dependent upon the
portion of the body irradiated.
For exanpl e, because of
differences in the
radi osensitivity of constituent
tissues, the hand is far |ess
likely to suffer biological
damage from a given dose of
radi ati on than are the gonads.
Simlarly, a given dose to the

whole body has a greater
potential for causing adverse
health effects than does the

sanme dose to only a portion of
t he body.
b.

| nt ernal Exposures.
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(1) Exposure to ionizing
radi ati on from sources | ocated
within the body are of concern

for sources emtting any and
al | types of i oni zi ng
radi ati on. o particul ar

concern are internally emtted

al pha particles which cause
significant damage to tissue
when depositing their energy

al ong highly localized paths.

(2) In contrast to the
situation for ext erna
exposures, the source-to-tissue
di stance, exposure duration,
and source strength cannot be
altered for internal radiation
sour ces. | nstead, once a
quantity of radi oactive
material is taken up by the
body (for exanpl e, by
i nhal ati on, i ngesti on, or
absorption) an individual is
"commtted" to the dose which
will result fromthe quantities

of the particul ar
radi onucl i de(s) involved. Sone
medi cal treatnments are

avai l abl e to increase excretion
rates of certain radionuclides
in some circunstances and
thereby reduce the commtted
effective dose equival ent.

(3) I n gener al ,
radi onucl i des taken up by the
body do not distribute equally
t hroughout the body's tissues.
Oft en, a radi onucl i de
concentrates in an organ. For

exanple, 1-131 and 1-125, both
i sotopes of iodine, concentrate
in the thyroid, radium and

pl utoniumin the bone, and



uraniumin the kidney.

(4) The dose commtted to
a particular organ or portion
of the body depends, in part,
upon the time over which these
ar eas of t he body are
irradi ated by the radionuclide.
This, in turn, is determ ned by
t he radi onuclide's physical and
bi ol ogical half-lives (that is,
the effective half-life). The
bi ol ogi cal half-life of a
radi onuclide is defined as the
time required for one half of a
gi ven anount of radionuclide to

be renoved from the body by
nor mal bi ol ogi cal turnover (in
urine, feces, sweat).
3-9. Background Radi ati on.

a. Al individuals are
conti nuously exposed to

ionizing radiation fromvarious
natural sources. These sources
include cosmc radiation and
naturally occurring

radi onucl i des W thin t he
environnent and wthin the
human  body. The radiation
| evel s resulting from natural
sour ces are col l ectively
referred to as "nat ura

background". Naturally
occurring radi oactive nateri al

(NORM can be detected in
virtually everything. Natural

pot assi um cont ai ns about 0.01%
pot assi um 40, a powerful beta
emtter wth an associated
ganma ray. Uranium thorium
and their associated decay
product s, whi ch are al so
radi oactive, are common trace
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el enent s f ound in soils
t hroughout the world. Natural

background and the associ ated
dose it i nparts varies
considerably fromone | ocation
to another in the U S and
ranges from 5 to 80
m croroentgens per hour. It is
estimated that the average
total effective dose equival ent

from natural background in the
u. S. (S about 250
nr em per son/ year. This dose
equi val ent is conposed of about
166 nr em per son/ year from
radon, 34 nren person/year from
natural radioactive naterial
wi t hin t he body, 25
nrenf person/year from cosnc
radi ati on, and 25
mrem/ person/year from

terrestrial radiation.

b. The primary source of
man- made non- occupati onal
exposures IS medi cal
i rradiation, particularly
di agnostic pr ocedur es (for
exanple, X-ray and nuclear
medi ci ne exam nations). Such
procedures, on aver age,
contribute an additional 100
nrenf person/year in the U S
Al'l other sources of man-nmade,
non- occupati onal exposures such
as nuclear weapons fallout,
nucl ear power plant operations,
and the use of radi ation
sour ces in i ndustry and
uni versities contribute an
average of less than one
nrent person/year in the U S.
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3-10. Radiation Quantities.

a. Exposure (roentgen).

Exposure is a neasure of the
strength of a radiation field
at some point. It is usually
defined as the anount of charge
(that is, sum of all ions of
one sign) produced in a unit
mass of air when t he
i nteracting phot ons are
conpletely absorbed in that
mass. The nost commonly used
unit of exposure is the
roentgen (R) which is defined
as that anount of X or gamm
radi ati on whi ch produces 2. 58E-
4 coul onbs per kil ogram (C kg)
of dry air. In cases where
exposure is to be expressed as
a rate, the wunit wuld be
roentgens per hour (R hr) or
nmore comonly, mlliroentgen
per hour (nR/ hr). A roentgen
refers only to the ability of
PHOTONS to ionize Al R
Roentgens are very limted in
their use. They apply only to
photons, only in air, and only
with an energy under 3 nega-
el ectron-volts (MeV). Because
of their limted use, no new
unit in the SI system has been
chosen to replace it.

b. Absorbed Dose (rad).

Wher eas exposure is defined for
air, the absorbed dose is the
anount of energy inparted by
radiation to a given nass of
any material. The npbst common
unit of absorbed dose is the
rad (Radi ati on Absorbed Dose)
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which is defined as a dose of
0.01 joule per kilogramof the
mat eri al in question. One
comon conversion factor is
fromroentgens (in air) to rads

in tissue. An exposure of 1 R
typically gives an absorbed
dose of 0.97 rad to tissue.
Absorbed dose may also be

expressed as a rate with units

of rad/hr or mllirad/hr. The
SI unit of absorbed dose is the
gray (Gy) which is equal to 1
joul e/ kg which is equal to 100
rads.

c. Dose Equivalent (rem

(1) Al t hough the
bi ol ogi cal effects of radiation

are dependent upon the absorbed
dose, sone types of particles
produce greater effects than
others for the sane anount of
energy inparted. For exanple,
for equal absorbed doses, al pha
particles may be 20 tines as

damagi ng as beta particles. In
order to account for these
vari ations when descri bi ng
human heal t h risk from
radi ation exposur e, t he
gquantity, dose equivalent, is
used. This is the absorbed
dose nultiplied by certain
"quality" and "nmodi fyi ng"
factors (Q indicative of the
relative bi ol ogi cal - damage
potential of the particular
type of radiation. The unit of
dose equivalent is the rem
(Radi ation Equivalent in Man)
or, nore comonly, mllirem
For beta, gamma- or X-ray
exposures, the nunerical val ue



of the remis essentially equal
to that of the rad. The Sl

Unit of dose equivalent is the
sievert (Sv) which is equal to:
1 G X Q where Q is the

quality factor. Q values are
listed in Table 3-3 (Note that
there is quite a bit of
di screpancy between different
agency's val ues).

Table 3-3
Q Val ues
Radi ati on Type NRC | CRU NCRP

X & Gamma Rays 1 1 1
Beta Particles

(Except 3H) 1 1 1
Tritium Bet as 1 2 1
Thermal Neutrons 2 - 5
Fast Neutrons 10 25 20
Al pha particles 20 25 20
(2) Exanple: An individua

working at a Corps lab with |-
125 nmeasures the exposure at a
work station as 2 nR/ hr. The
NRC |i censes and regul ates the
| ab. What IS t he dose
equi valent to a person sitting
at the work station for six
hour s?

DE = Exposure x 0.97 rad/R x Q

Exposure = Exposure Rate X
Ti me

Q for gamma-radiation = 1

DE = Rate x Time x 0.97 x Q

DE = 2 nR'hr x 6 hr X 0.97
rad/ R x 1 = 11.64 nrem

d. Deep Dose Equival ent
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( DDE)
(1) The DDE is the dose to
the whole body tissue at 1
centineter (cn) beneath the
skin surface from externa
radi ation. The DDE can be
consi dered to be t he
contribution to the total
effective dose equi val ent
(TEDE) from external radiation
(2) Exanple: A worker is
exposed to 2 R of penetrating
ganmma radi ation. What IS
hi s/ her DDE?

DDE = exposure x 0.97 rad/R x Q
Q for gamm radiation 1
DDE 2 Rx 0.97 rad/R x 1
1.94 rem

e. Ef fective Dose

Equi val ent ( EDE)

(1) Miltiplying the dose
equi val ent by a weighting
factor that relates to the
radi osensitivity of each organ
and summ ng these wei ghted dose
equi val ent s pr oduces t he
effective dose equi val ent.
Wei ghting Factors are shown in
Table 3-4. The EDE is used in

dosi netry to account for
di fferent or gans havi ng
di fferent sensitivities to
radi ati on.
Tabl e 3-4
Wei ghting Factors
Gonads 0. 25
Br east 0. 15
Lung 0.12
Thyroi d 0. 03
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Bone 0. 03
Mar r ow 0.12

Rermai nder 0. 30

(2) Exanple: A person is
exposed to 3 nR/ hr of gamma-
radi ation to the whol e body for

Si X hour s. What IS t he
effective dose equivalent to
each organ and to the whole
body?

EDE = p (DE x WF)

DE = Rx Q

R = Rate x Tinme

Qfor gamma =1

R=3nR'hr x 6 hrs. = 18 nR

18 MR x 0.97 nrad/ R = 17 nrad

DE = 17 nrad x 1 = 17 nrem
EDE for:

Gonads = 17 nrem x 0.25 =
4.25 nrem

Breast = 17 ntem x 0.15 =

2.55 nrem

Lung = 17 nmmem x 0.12 =

2.04 nrem

Thyroi d = 17 nrem x 0.03 =
0.51 nrem

Bone = 17 nmmem x 0.03 =
0.51 nrem

Mar r ow = 17 ntrem x 0.12 =
2.04 nrem

Remai nder = 17 nmmem x 0.30 =
5.10 nrem
EDE for whol e body: 17 nrem

(note
factor for
one)

that the weighting
the whole body is

f. Comm tted
Equi val ent ( CDE)

(1) The CDE is the dose
equi valent to organs fromthe

Dose
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i ntake of a radionuclide over
the 50-year period follow ng
t he i nt ake. Radi oacti ve
material inside the body wll

act according to its chemca

form and be deposited in the
body, emtting radiation over
the entire tinme they are in the
body. For purposes of dose
recording, the entire dose
equi val ent organs wll receive
over the 50-years follow ng the
i ntake of the radionuclides is
assigned to the individua

during the year that the
radi onucl i de i ntake took pl ace.
The CDE is usually derived from
a table or conputer program as
t he val ue i s dependent upon the
radi onucl i de, its chem ca

form the distribution of that
chemcal within the body, the
mass of the organs and the
bi ol ogi cal clearance tine for
t he chem cal . Two conmmon
dat abases are M RD and DOSEFACT
that contain CDEs for various
radi onucl i des. The CDE can be
calculated fromthe data in 10
CFR 20 Appendix B, or fromthe
EPA Federal Quidance Report #11
if there is only one target
organ, otherw se the dose nust
be cal cul at ed from t he
contribution of the
radi onuclide in every organ to
the organ of interest.

(2) Exanple: An individual
ingests 40 mcrocuries of |I-
131. What is the CDE? Because
the dose to the thyroid from
iodine-131 is 100 tines greater
than the dose to any other
organ we can assune that the



thyroid is the only organ
receiving a significant dose
and can use the 10 CFR 20
approach, from 10 CFR 20,
Appendi x B. The non-stochastic
(determnistic) Annual Limt of
I ntake (ALI) is 30 pG . A non-
stochastic ALl is the activity
of a radionuclide that, if
i ngested or inhaled, will give
t he organ a conmtted dose
equi val ent of 50 rem

DE/ALI x 50 rem

comm tted
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(1) Mul ti plying t he
comm tted dose equivalent by a
wei ghting factor that relates
to the radiosensitivity of each
or gan and sunmm ng t hese
wei ght ed dose equi val ents
produces t he comm tted
effective dose equivalent. The
CEDE can be considered to be
the contribution frominterna
radi onucl i des to the TEDE

(2) Exanple: A male worker

dose equi valent to the organ. inhales 10 pCG Co-60. What is
40 pCG /30 pG x 50 rem = 67 hi s CEDE?
rem
Usi ng t he CDE above for Co-60,
(3) An exanple of the CDE and the weighting factors
derived from a table is above, we get the follow ng
presented in Table 3-5 for EDE f or:
i nhal ati on of Co-60.
Gonads = 10 pCG x 6.29E+00
g. Commtted FEffective nrem uG x 0.25 =
Dose Equi val ent ( CEDE). 15. 73 nrem
Table 3-5
| nhal ation Coefficients (Hy;) in nrem pG
Co-60 (T, = 5.271 year) Cass Y F1 = 5.0E-02 AVMAD = 1.0 pm
organ (Hso,7) organ (Hso,7)
Adr enal s 1. 11E+02 Lungs 1. 27E+03
Bl adder Wal | 1. 09E+01 Ovari es 1. 76E+01
Bone surface 4. 99E+01 Pancr eas 1. 17E+02
Br east 6. 80E+01 Red Marrow 6. 36E+01
St omach Wal | 1. 01E+02 Skin 3. 77E+01
Smal | Intestine 2. 60E+01 Spl een 9. 99E+01
Up I g Intestine 3.59E+01 Testes 6. 29E+00
Lw I g intestine 2.93E+01 Thymus 2. 12E+02
Ki dneys 5. 77E+01 Thyroi d 5. 99E+01
Li ver 1. 23E+02 Ut erus 1. 70E+01
Hemso = 1. 33E+02 He 50 = 2. 19E+02
| CRP 30 ALI = 30 pG
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Breast= 10 pG x 6. 80E+01
nmen pC x 0.15
102. 00 nrem

Lung = 10 pG x 1.27E+03
nmen pC x 0.12

1524. 00 nrem

Thyroi d= 10 pG
nren uC x 0.03
17.97 nrem

5. 99E+01

. 99E+01

Bone 10 uG x
nren uC x 0.03
14. 97 nrem

Mar r ow 10 uG x 6. 36E+01
nmen pC x 0.12
76. 32 nrem

Remai nder 10 uG x 1. 33E+02
nrem uG x 0.30 =
399. 00 nrem

CEDE for whol e body: 2149 nrem

h. Total Effective Dose
Equi val ent ( TEDE)

(1) The sum of the DDE and
t he CEDE. Dose from interna
radiation is no different from
dose from external radiation
Regul ations are designed to
limt TEDE to the whole body to
5 rem per year, and to limt
t he sum of the DDE and the CDE
to any one organ to 50 rem per
year.

(2) Exanple: The person
working in exanple d. also
inhales 10 pG Co-60 as in
exanple g. Wat is his or her
TEDE?
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TEDE = DDE + CEDE

From Exanple d his DDE is 1.74

rem= 1, 740.00 nrem

From exanple g his CEDE is
2,149.00 nrem

TEDE  3,889.00 nrem

3-11. Biological Effects of
| oni zi ng Radi ati on.

Bi ol ogi cal effects of radiation

have been studied at different
| evels; the effects on cells,
the effects on tissues (groups
of «cells), the effects on
organi snms, and the effects on
humans. Sonme of the major
points are revi ewed bel ow.

a. Cellular
(1)

by ionizing
interacts

Ef f ects.

The energy deposited

radiation as it
wth matter may
result in the breaking of
chem cal bonds. | f t he
irradiated mtter 1is living
ti ssue, such chem cal changes
may result in altered structure
or function of constituent
cells.

(2) Because the cell is
conposed nostly of water, |ess
t han 20% of t he ener gy
deposited by ionizing radiation
IS absor bed directly by
macronol ecul es (for exanple,
Deoxyri bonucleic Acid (DNA)
More than 80% of the energy
deposited in the cell IS
absorbed by water nolecules
where it may form highly
reactive free radicals.
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(3) These radicals and of the DNA within the nucleus
their products (for exanple, in controlling all «cellular
hydr ogen peroxide) may initiate function. Damage to the DNA
numerous chem cal reactions nol ecule may prevent it from
which can result in danage to providing the proper tenplate
macromol ecul es and/ or for t he pr oducti on of
correspondi ng danage to cells. additional DNA or Ribonucleic
Damage produced within a cell Acid (RNA). In general, it has
by t he radi ation i nduced been f ound t hat cel
formation of free radicals is radi osensitivity is directly
descri bed as being by indirect proportional to reproductive
action of radiation. capacity and i nversely
proportional to the degree of
(4) The cell nucleus is cell differentiation. Table 3-
the major site of radiation 6 presents a list of cells
damage |l eading to cell death. which generally follow this
Thi s IS due to t he principl e.
i nportance
Table 3-6. List of Cells in Order of Decreasing Radiosensitivity
Very Moder at el y Rel atively

radi osensitive

radi osensitive

r adi or esi st ant

Veget ati ve
intermtotic cells,
mat ure | ynphocyt es,
eryt hrobl asts and
sper mat ogoni a,

tissue,

Bl ood vessel s and
i nt erconnecti ve

ost eobl ast s,
granul ocytes and

Fi xed postmtotic
cells,

fibrocytes,

chondr ocyt es,
muscl e and nerve

basal cells, ost eocyt es, cells.
endot hel i al cells. sperm eryt hrocytes.

(5) The consi der abl e (6) The relatively high
vari ation i n t he radi osensitivity of tissues
radi osensitivities of various consisting of undifferentiated,
tissues is due, in part, to the rapidly dividing cells suggest
differences in the that, at the level of the human

sensitivities of the cells that
conpose the tissues. Al so
inmportant in determning tissue
sensitivity are such factors as
the state of nourishnent of the

cells, interactions between
various cell types within the
tissue, and the ability of the

tissue to repair itself.
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organism a greater potenti al
exists for danmage to the fetus
or young child than to an adult
for a given dose. This has, in
fact, been observed in the form
of increased birth defects
followwng irradiation of the
fetus and an i ncreased
i nci dence of certain cancers in
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i ndi vi dual s who were irradi at ed
as children.
3-12. Way's

to Mnimze

Exposur e.

a. There are three factors

used to mnimze external
exposure to radiation; tine,
di st ance, and shi el di ng.
Projects involving the use of
radi oactive mat eri al or
radi ati on generating devices

need to be designed so as to
m nimze exposure to externa

radi ati on, and acconplish the
proj ect. A proper bal ance of
ways to mnimze exposure and
the needs of the project need
to be considered from the
earliest design stages. For
exanpl e, if a lead apron
protects a worker from the
radi ati on, but slows himor her

down so that it requires three
times as many hours to conplete
the job, the exposure is not
m nim zed. Addi tional lvy,
placing a worker in full
protective equi pnment and
subjecting the worker to the
acconpanyi ng physical stresses
to prevent a total exposure of
a fewmllirens does not serve
the needs of the project or of
t he worker.

(1) Tinme.
Dose is directly proportiona
to the time a individual is
exposed to the radiation. Less
time of exposure neans |ess
dose. Tinme spent around a

source of radiation can be
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mnimzed by good design,
pl anni ng t he operation

performng dry-runs to practice
t he operation, and contentious
wor k practi ces.

(2) D stance.

Dose is inversely proportiona
to the distance from the
radi ati on source. The further
away, the |ess dose received.
Dose is related to di stance by

t he equati on:
D 2
I, Il[ —1)
'D2
Wher e:

Intensity at Distance 1
D stance 1,
Intensity at
D stance 2.

|

D,

|

D,

Doubling the distance from a
source wll quarter the dose
(see Figure 3-1).

D stance 2,

Figurgo%F?.

Distance from a radiation
source can be maxi m zed by good



desi gn, planning the operation,
usi ng extended handling tools
or renote handling tools as
necessary, and by
consci ensci ous work practices.

(3) Shielding

(a) Dose can be reduced by
the use of shielding. Virtually
any mat eri al Wil | shield
agai nst radi ation but its
shi el ding effectiveness depends
on many factors. These factors

i ncl ude mat eri al density,
material thickness and type,
t he radiation energy, and the

geonetry of the radiation being
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Cost consi derations often cone
into pl ay. The shi el di ng
provided by a few centineters
of lead nay be equal ed by the
shielding provided by a few
inches of concrete, and the
price my be lower for the
concrete. Table 3-7 lists half-
val ue | ayers for severa

materials at different gamma
ray energies.

(b) Shielding can be used

to reduce dose by placing
radi ati on sources in shields
when not in use, pl aci ng

shi el ding between the source
and yourself, good design of

shielded. Consult a qualified t he operation, and contentious
expert to determ ne shielding wor k practi ces.
requirenents.
Table 3-7
Hal f -val ue layers (cm for gamma rays
E, (MeV) Lead Concrete Wat er I ron Ar
0.1 0.4 3.0 7.0 0.3 3622
0.5 0.7 7.0 15.0 1.6 6175
1.0 1.2 8.5 17.0 2.0 8428
1.5 1.3 10.0 18.5 2.2 10389
b. Per sonnel Protective may i nclude such itens as:

Equi prent ( PPE)

(1) full-face, air-
PPE is a last resort nethod for purifying respirators (APRs)

radi ation exposure control.
When engi neering controls using
time, distance, shielding, dust
suppression, or contam nation
control cannot adequately | ower
t he exposure to i oni zi ng
radi ati on or radi oacti ve
material, PPE may be used. PPE
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W th appropriate cartridges;

(2) self-contained
br eat hi ng apparatus (SCBA);
(3)

supplied air; and
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(4) shi el ded gl oves,
aprons, and other clothing.

c. Selection of PPE is
based on unique conditions at
each job site. The PPE may be

required in the followng
ci rcunst ances:

(1) when handl i ng
contanminated materials wth

renovabl e cont am nati on

(2) when wor ki ng in
contami nati on, hi gh
cont an nati on, and Airborne

Radi oactivity Areas;

(3) when required by an
NRC |icense or ARA

or

d. Specific PPE
requi renents for each job site
shoul d be obtained from USACE
or a USACE contractor HP or
i ndustri al hygi eni st .
Respirator use nmust neet the
requi renents of 29 CFR 1910 or

1926 and USACE respiratory
protection requirenents of EM
385-1-1. The respiratory
protection factors for
different types of respirators
are listed in 10 CFR 20,
Appendi x A

*NOTE* Hal f-face APRs wi |l not
be used for any USACE work

i nvol ving radi oactive nmaterial,
unless there is no other
practi cal sol uti on. Any
special use of half-face APRs
will first be approved by the
RPO.
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e. Cartridges for
radi onucl i des nust be sel ected
with consideration for the
radi onuclide's chemcal form
Respirator filters approved for

use under 30 CFR 11 may stil
be used wuntil July 1998. By
t hat tinme, al | respirator

cartridges nmust be classified
according to the new Nationa

Institute of Cccupati onal

Safety and Health (N OSH)
nmodul ar approach described in
42 CFR 84. Wth the new
nmodul ar approach to respirator
certification, cartridges
approved by NOSH wll no
| onger be | abel ed for
dusts/ m sts/funes/radi oactive
dusts. The col or coding has
al so changed. Dust/m st/fune
filters will now be |abel ed as
NO5, N99, N100, R95, R99, R100,
P95, P99, and P100. The nunber
rel ates to t he filtering
ef ficiency, and the letter
relates to the type of aerosol,
wth P100 being the nost
protective over the w dest
range of aer osol types.
Dust/m st and dust/mst/funme
cartridges do not provide any
protection agai nst radi oactive
vapors or radioactive noble
gases. Consider the wuse of
conbi nati on cartridges to
control dust and vapors, and
activated charcoal cartridges
to control noble gasses. \Wen
sel ecting APRs, consider the
bui | dup of radioactive materi al
in the cartridges. A high
concentration of ganma
radi ation-emtting particles or
vapor in cartridges may produce



a radiation field positioned
very close to the face and
chest of the person wearing the
APR.

f. Any PPE w il slow down
t he wor ki ng speed of personnel,
and extend the tinme needed for
entry and exit. The increase
in dose due to the increased
timte in the radiation field
must be weighed against the
radi ati on dose reduction caused
by the use of PPE. The use of
whol e body personal protective
equi pment , particularly the
i nper neabl e type can cause heat
stress problens. A heat stress

monitoring program shall Dbe
i nplenented to evaluate and
control heat stress hazards
whenever PPE is used.

3-13. St andi ng Oper ati ng
Pr ocedur es.

Were a project or operation

uses radiation in a method that
is amenable to witten standi ng
operating procedures (SOPs),

t he RPO over seei ng t he
operations shall assist in the
preparation of SOPs. Most

manuf acturers of instrunents
and articles cont ai ni ng
radi oactive material or that
generate ionizing radiation,
include SOPs in their operating
manual s. The RPO shall review

these SOPs and ensure that they
meet USACE safety gquidelines
outlined in this manual and the
requi renments of ER 385-1-80 and
EM 385-1-1 before use.
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3-14. Monitoring and Surveying
Equi prent .

a. Anytine personnel are
wor ki ng W th radi oactive
mat eri al or radi ation
generating devices, radiation
nmonitoring procedures wll be
used. Equi prent needs to be
selected that can detect the
radiation or radiations in
guesti on. Table 3-8 is a
general guide to types of
detectors and the range and
types of radi ati ons t hey
det ect. Sone radiations are
extremely difficult to detect
in the field. Weak beta
emtters such as tritium
(maxi mum beta energy of 18.6
kilo-electron volts (keV) and
weak gamma emtters such as
i odi ne-125 present nonitoring
pr obl ens. Pri or to wor k
invol ving radi oactive
materials, consult the RPO and
HP to sel ect appropriate
i nstrunments and procedures for
the detection and
gquantification of the specific
radi ati on in question.

b. Radi ati on
| nstrunments.

Moni t ori ng

(1) Gas-filled Detectors.

Gas-filled detectors consist of
a gas-filled chanber with a
voltage applied such that a

central wire becones the anode
and the chanmber wal | t he
cat hode. Any ion pairs
produced by radi ation

interacting with the chanber
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nmove to the electrodes where
they are collected to form an
el ectronic pul se which can be
measur ed and qgquanti fi ed.
Depending wupon the voltage
applied to the chanber, the
detector may be considered an
ionization chanber, a
proportional count er or a
Geiger-Muller (G detector.

(a) An ionization chanber
IS a gas-filled chanber
containing an anode and a
cat hode. As radiation passes
through the gas it ionizes sone
of the gas nol ecul es. These
ion pairs are attracted to the
anode and cat hode and create an
el ectrical pulse. The pul ses
are counted and integrated and
di spl ayed on the neter face in
roentgens per hour. Because of
its design, an ionization
chanber has a very |linear
response to radiations of
different energies. For this
reason, an ionization chanber
is the preferred instrunent for
qguanti fyi ng personnel external
radi ati on exposures.

(b) Because of its
versatility and dependability,
the GM detector is the nost
widely wused portable survey
instrunent. A GV detector with
a thin wi ndow can detect al pha,
beta and ganma radi ation. | t
is particularly sensitive to
medi um t o- hi gh ener gy bet a
particles (for exanple, as from
P-32) and X-and gamma-rays as
wel | . The GM detector is
fairly insensitive to | ow
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energy X or gamma rays; that is
bel ow 50 keV, to |ow energy
beta particles such as those
emtted by S35 and C 14, and
cannot detect the weak betas
from H3 at all. Unlike the
ionization chanber, the GM
detector does not actually
"measure" exposure rate. It
i nstead "detects" the nunber of
particles interacting in its
sensitive volunme per unit tine.
The GM shoul d thus read-out in
counts per m nut e (cpm
al though it can be calibrated
to appr oxi mat e nR/ hr for
certain situations. Wth these
advantages and Ilimtations a
CGeiger-Muller detector on a
rugged survey neter 1s the
i nstrunment of choi ce for
initial entry and survey of
radi ation sour ces and
radi oactive contamnation in
the field.

(2)

Det ect or s.

(a) Scintillation
detectors are based upon the
use of various phosphors (or
scintillators) which emt |ight
in proportion to the quantity

Scintillation

and energy of the radiation
they absorb. The light flashes
are converted to phot o

el ectrons which are multiplied
in a series of diodes (that is,
a photonultiplier) to produce a
| arge el ectrical pul se.
Because the |ight output and
resultant electrical pulse from
a scintillator is proportional
to the anount of energy



deposited by the radiation,
scintillators are wuseful in
identifying the anount of

speci fic radionuclides present
(t hat IS, scintillation
spectronetry).

(b) Portable scintillation
detectors are wdely used for

conducting various types of
radi ation surveys.
particul ar use to workers

working with | ow energy ganma
radi ati on, as from radi oi odi ne,
is the thin crystal sodium
i odide (Nal) detector which is
capabl e of det ecting t he
emssions from 1-125 wth
efficiencies nearing 20% (a GV
detector is less than 1%
efficient for 1-125).

c. Assaying Instrunents

(1) The nost common neans
of quantifying the presence of
beta-em tting radionuclides is
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(2) Solid scintillation
detectors are particularly
usef ul in identifying and
quanti fying gama-em tting

radi onucl i des. The conmmon ganma

wel | -counter enploys a large
(for exanple, 2" x 2" or 3" Xx
3") crystal of Nal wthin a
| ead shielded well. The sanple
vial is lowered directly into a
hol | ow chanber within the
crystal for counting. Such

systens are extrenely sensitive
but do not have the resolution
of nore recently devel oped
sem conduct or counti ng systens,
such as high-purity germani um
detectors.

d. Neut r on det ect or s,
somet i nes call ed 'neutron
balls' or "remballs' are used
for detection of neut r ons.
Neut r on detectors use a

hydr ogenous noderator to slow
down the neutrons which wll
allow the neutrons to interact

through the wuse of liquid with charged particles. These
scintillation count i ng. I n charged particles then are
t hese systens, the sanple and detected using a conventiona
phosphor are conbined in a radi ati on detector. Bor on
solvent within the counting trifluoride (BF;) is a conmobn
vial. The vial is then | owered detector gas used for neutron
into a well between two det ecti on.
phot orrul ti plier t ubes for
count i ng. e. Sem conduct or di ode
detectors or solid state
Table 3-8
Radi ati on Detection Instrunents
Det ector type Radi ati on | Detection | Conments
Det ect ed Limt
GWithick walled | p >50 keV | 100 dpm Limted use.
GWthin window | >35 keV [ 100 dpm Good for detecting
p >35 keV cont am nati on, not good
for quantifying.
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Det ector type Radi ati on | Detection | Conments
Det ect ed Limt

Nal - 2" x 2" p >50 keV | 500 dpm Good for detection and

crystal guantification.

Nal -t hi n 3 >50 keV | 500 dpm Good for detecting | ow

crystal p >25 keV energy gamma radi ation

| oni zati on B >50 keV | 0.2 nR/hr | Most accurate for

Chanber p >50 keV exposur e neasurenent.

Pressuri zed p >50 keV | .01 nR/ hr | Good for environnmental

| oni zati on surveys.

Chanber

Mcro R neter p >50 keV | .01 nR/ hr | Good for environnmental
surveys.

HPGe b >40 keV | variabl e Lab equi pnent, can
quantify trace anounts.
Fi el d nodel s avail abl e.

Liquid b, B, p vari abl e Lab equi pnent, can

Scintillation quantify trace anounts.
Fi el d nodel s avail abl e.

Gas b, B, p vari abl e Lab equi pnent, can

Proporti onal quantify trace anounts
field nodels avail abl e.

detectors use a solid nateri al
with a charge applied to it to
detect the energy deposited by
radi ati on. These detectors can
be designed to provide good
det ection of nost al |
radi ation, but particular types
of radiation and energy ranges,
each call for a different
configuration.

f. One type of solid state
detector that is finding
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w despread wuse is the high
purity ger mani um det ect or
(HPGe) . The HPGe, Ilike its
pr edecessor t he ger mani um

[ithium (GE(Li)) detector, has
excel | ent energy resol ution and
i's comonl y used in
| aboratories for identification
and quantification of gamm
emtting radionuclides. A
primary drawback of the HPGe
detector is the requirenent to
supercool the detector. This



is done by attaching a Dewar
flask cont ai ni ng liquid
nitrogen to the detector. HPGe
systens are being made that are

field portable, wusing small
Dewar fl asks and | apt op
conput ers, and can provide

| aboratory quality analysis in
the field.

g. Energy proportional
detectors such as scintillation
detectors, sem conductor diode
detectors and HPGe detectors
are often coupled with a nulti-
channel analyzer (MCA) to allow
for determnation of the energy
of the radiation detected, and
t hrough reference, to determne
the radioisotope that emtted
the radiation and the quantity
of that isotope in the sanple
nmeasured. Mst nodern MCAs are
used in conj unction W th
conputers which process the
i nformati on, contain t he
[ibrary of radi onucl i des
referenced by ener gy of
radi ation, and display software
for digital and graphic output.

h

(1) Radi ati on survey
meters are calibrated with a

| nstrunent Cal i bration.

radi oactive source and an
el ectronic pul ser. When an
el ectronic cal i bration IS
performed, the instrunment is
checked for response to a
radi oacti ve source. I n nost

situations, survey meters mnust
be calibrated at |east annually
and after servicing. (Battery
changes are not consi dered
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"servicing".)

(2) Survey neters will be
function tested with a check
source or ot her dedi cat ed
source before each use. |If the
survey meter is not responding
properly, it may not be used
for surveys until it IS
repaired. There is no need to
keep a record of the function
checks, but a record nust be
kept of the discovery of the
I npr oper response and the
service of the nmeter to correct
the problem as well as of the
recalibration of the neter.

. Quality Control.

Quality control of
instrunentation is essential in
a radiation protection program
Al l i nstrunents used for
monitoring safety and health
should be subjected to a
quality control (QC) program
Two tracking/trending nethods
are commonly used in instrunent
C. The general principle is
applicable to both field and
lab instrunents. The two
met hods are background trendi ng
and check source trending.

(1) Background trending is
done by plotting the daily
background readi ng versus days
si nce | ast cal i bration.
Backgr ound trendi ng can
i ndi cate when instrunment probes
becone contam nated, by show ng
a rise in the background rate.
Care nust be taken in nmeasuring
t he background daily to assure
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that the instrunent is in
approxi mately the sane | ocation
and that the location 1is
cont ani nant free.

cali bration.

t he i nst runent or

(2) Check-source tracking

is a nmethod of assuring that
the instrunment is responding
properly, and remaining in
cal i bration. Check- source
t racki ng IS per f or med by
plotting a daily check source

source tracking.

March Background Tracking

reading of a dedicated check
source agai nst the days since
Check- source
tracki ng can indicate danmage to
pr obe,
vari ance of the electronics or
changes in the neter response.
Figure 3-2 is an exanple of
background tracki ng and check-
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Chapter 4. Licensing.
4-1. Overview of Regulatory
Agenci es.

a. Nucl ear Regul at ory

Comm ssi on (NRC).

(1) The Atom c Energy Act

of 1954 charges the NRC with
the responsibility of witing
and enf or ci ng regul ati ons
concer ni ng t he use of
radi oactive mat eri al . A
i cense IS required for

possessi on of source, byproduct
or special nuclear material and
license holders are inspected
by NRC to determ ne if
regul ati ons are being foll owed
by the licensee. |If serious or
repeated violations occur, a
license may be revoked and the
radi oactive mat eri al

confiscated. Table 4-1 lists
NRC regi onal offices, NRC Form
3, attached at Appendix H

i ndi cates  what NRC region
states fall under

(2) Although the NRC is
the federal agency responsible
for adopting and enforcing
rules and regulations that
apply to users of radioactive
material, broad adm nistrative
responsibilities have been
transferred to sone state
gover nnent s. In 1959 the NRC
was permtted to make
agreenents with those states
that could operate a suitable
radi ol ogi cal heal th program for
the radi oactive material users
intheir states. States that
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have such agreenents with the
NRC are call ed Agr eenent
St at es. Table 4-2 lists the
Agr eenment States and each
state's radi ol ogical heal th
program office and energency
phone nunbers.

b. Agreenent States.

Agreenent states have their own

state regulations and they
provi de personnel to license
and I nspect users of
radi oactive mat eri al .

Agreenment state regulations
must be as stringent as NRC
regul ations and, usually, are
nore stringent. The primry
difference in nost Agreenent
state regul ati ons IS t he

inclusion of NORM and Naturally
occurring and Accel er at or
produced Radi oactive Materi al
( NARM materials (such as
radium thorium and cobalt-57)
as well as source, byproduct
and special nuclear material as
regul ated materi al s. The NRC
does not regul ate NORM or NARM
(only source, byproduct, and
speci al nucl ear material ).
Agreenent states do not issue
licenses to Federal agencies,
including the US Arny; only the
NRC may do so.

C. Environment al
Protection Agency (EPA).

The Atomc Energy Act and
Reorgani zation Plan No. 3
aut hori zed the EPA to establish
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standards to protect human
health and the environnent from
the effects of radiation. The
EPA does not | i cense
radi oactive mat eri al s, but

regul ates their release to the
envi ronnment and the exposure of
the public to radiation.

d. Qccupational Safety and
Heal th Adm ni stration (OSHA)

OSHA is authorized to protect
wor ker health and safety. OSHA
does not |icense radioactive
mat erials, but regulates their
use in the workplace. To
protect workers fromradiation,
OSHA, in 1984, adopted the NRC
regul ati ons specified in 10 CFR
20, as it stood in 1984. 10 CFR
20 was anended by the NRC in

1994. Consequently, there are
t wo sets of regul ati ons
governing Authorized Users’

Assistants with NRC | i censabl e

mat eri als; the NRC regul ati ons
and OSHA regulations. This is
explained nore thoroughly in
Chapter 5; Dose Limts and
ALARA.

4-2. Types of NRC Radi oactive
Mat eri al Li censes. Nucl ear

Regul at ory Conm ssion |icenses
for radioactive material are of
t wo types: gener al and
speci fi c.

a. General Licenses.

(1) NRC general licenses
are provided in 10 CFR 31 and

are effective wi t hout
subm tting an application and
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w thout receiving a licensing
docunent . CGenerally I|icensed
devices usually contain little
activity and pose mnimal risk
to the user. Devices which may
be generally |icensed include:

static el i m nat ors, sone
cal i bration sour ces, sonme
measuri ng, gaugi ng and
controlling devices and self-
l um nous exit signs. Cenerally
| i censed mat er i al still

requires conpliance with 10 CFR
19 and 10 CFR 20 requirenents
for worker instructions and
noti ces, and radi ation
protection standards.

Addi tionally, for many
generally licensed itens, there
are requirenments for sem -

annual | eak testing and
i nventories, as wel | as
prohibitions on transfer or
di sposal except for return to
t he manufacturer or transfer to
the holder of a specific
license for that radioactive
i tem

(2) Exanple: ABC Co. has a
specific license to manufacture
and to distribute a gas
chromat ograph (GC) containing a
50 nCi N -63 sealed source to

general |icensees. A USACE |ab
(the general licensee) may
pur chase t he GC W t hout
applying for an NRC specific
l[icense. In the instruction
manual for t he cC are

procedures for perform ng | eak
tests on the source at 6- nonth
i nterval s, and keepi ng a
witten inventory of the device
updated at 6-nonth intervals.



Addi tionally, t he manua
includes a statenent that the
GC may not be transferred or
sold to anyone who does not
have a specific license to
possess 50 nC of Ni-63, and
that the GC can only be
di sposed of by shipping it back
to the manufacturer.

b. Specific Licenses.

(1) Specific i censes
require the subm ssion of an
application (either to the NRC
or an Agreenent State dependi ng
upon who has jurisdiction) and

the issuance of i censing
docunents from the regulatory
agency. It is illegal to
transfer (sell or gi ve)
licensed radioactive materi al
to anot her person or
institution unl ess t he
recipient has a license to
possess t he mat eri al

Consequent | vy, radi onucl i de
supply conpani es require

i nformati on about a custoner’s
i cense before they wll fill
an order. Devices which may be
specifically licensed include:
gas chromatographs,
nmoi sture/ density gauges, and

i ndustrial radi ography caneras.
(2) Exanple: A district
has a specific |license to

possess and use up to 100 nC
of NN-63 in seal ed sources. The

district may have two 50 nC
sour ces at one tine.
Addi tionally, t he specific

| icense may contain conditions
such as:
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The sealed sources wll be
| eak tested at 3-nont h
i nterval s.

The source shall be used only
by persons who have conpl et ed
training as described in the
i cense application.

An exanpl e of an NRC
radi oactive material |license is
i ncl uded at Appendi x H.

c. Exenpt Quantities.

(1) A list of exenpt
guantities, that is, the anmount
of a wparticular radionuclide
that can be obtained wthout a
general or specific license can
be found in 10 CFR 30.71,
Schedul e B. These NRC
regul ations also |ist exenpt
concentrations, that is, the
concentration of a particular
radi onuclide in a product that
can be obtained wthout a
general or specific |icense.
Addi tional |y, NRC and Agreenent
State regulations contain a
listing of exenpt itens, that
s, items cont ai ni ng
radi oactive material that can
be obtained wthout a genera
or specific license. If you
are unsure of the |icensing
requirenments for a device you
wish to use, contact the
Command RPO

(2) *NOTE*: As previously
ment i oned, t here IS somne
radi oactive material that is
not regul ated by the NRC, but
i's regul ated by Agreenent
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St at es. Most Departnment of
Def ense ( DOD) sites are

excl usi ve Federal property and
so are regulated by the NRC
but sone bases and sone
portions of bases may be state
property and may be regul ated
by the state. Al ways check to

determne if the site you are
on IS Agr eenent State
regul at ed. This is normally

done through the Command Rea
Estate function and the Ofice
of Counsel .

4-3. 'Storage Only' Licensing.
The NRC al | ows | i censed
radi oactive material that is

not being used to be |icensed
for storage only. This nethod
of licensing is | ess expensive
than a possession and use
i cense. The seal ed source
W pe testing requirenents are
greatly reduced (usually, once
per 10 years, prior to storage,
and when renoved from storage).
The license nmay require a sem -

annual i nventory of al |
radi oactive material .

4- 4. Radi ati on Cenerating
Devi ces.

The NRC does not [|icense
radi ation generating (X-ray)
devices since they do not
contain radioactive material
Most states, however, require
registration and/or |icensing
of radi ation generating
devices. States do not have

authority to regul ate devices
used only on excl usive Federal
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jurisdiction facilities, but
many states request that they
be notified of all radioactive
materials and devices |ocated
wi t hin their boundary.
Facilities |located on non-
excl usive federal jurisdiction,
may be  subject to state
regul ati on. USACE requires
that nost ionizing radiation
generati ng devices have an ARA
(see paragraph 4-6). Table 4-2
lists the state radiological
health program offices to
contact for registration and/or
i censing of radi ation
generati ng devi ces.

4-5. Reciprocity Requirenents.

a. The NRC and Agreenent

States reciprocally recognize
each other’s radi oactive
material |licenses. That is, an
Agr eenment State i censed

conpany can performwork in NRC

jurisdiction under t he
conpany’s Agr eenent State
| i cense. Li kew se, an NRC

i censed conpany can perform
work in an Agreenment State’'s
jurisdiction under t he
conpany’s NRC |icense.

b. Wien a state-licensed
contractor desires to perform
work in an “NRC-state,” the
contractor nmust first be
granted reciprocity by the NRC
The contractor nust provide the

NRC with a copy of its state
radi oactive material |icense
and informthe NRC of its work

i ntentions using NRC Form 241.
There is a fee for filing NRC



Form 241 which may range from

$200.00 to $1000.00 or nore
depending on the type of
| i cense and wor k to be
per f or med.

c. Wien a state-licensed

contractor desires to work in
anot her Agreenent State, the
contractor nust notify the
Agr eenent State using the
appropriate state form

d. An NRC i censed

contractor performng work on a
site under an Agreenent State's

jurisdiction nmust notify the
Agr eenent State using the
appropriate state form Sone

Agreenent States al so charge a
fee for reciprocity.

4-6. Ar my Radi ati on
Aut hori zation (ARA).

a. ARAs are issued by
Maj or Arny Conmands ( MACOM
(1 ncluding t he Cor ps of
Engi neers). An ARA is required
for a USACE Command to receive,
possess, use, or transfer
radi oactive material that is
not licensed by the NRC, that
is, NORMor NARM nmaterial or an
ionizing radiation generating
device. An ARAis not required
for radioactive material that
is covered by another MACOM s
simlar authorization.

b. An ARA is not required
for:

(1) NRC license exenpt or
generally licensed materi al s,
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(2) | ess t han 1.0
m crocurie of NORM or NARM

(3) | ess t han 0.1
m crocurie of radium 226,

(4) el ectron t ubes
containing less than 10 pG
(370 kBq) of any NARM
r adi oi sot ope,

(5) machi ne- produced

i oni zing radi ati on sources not
capabl e of producing a high or
very high radi ation area, and

(6)
and Arny

Arny nucl ear reactors
reactor - produced RAM
that remains at the reactor
site. The Arny Reactor Ofice
i ssues Arny reactor permts for
t hese sources (see AR 50-7).

4-7. Arny Radiation
(ARP) and O her
Installation Permts.

Permts
Servi ce

a. An ARP is required for
a non-Arny agency (including
civilian contractors) to use,
store, or possess ionizing
radi ati on sources on an Arny

installation, facility, or
project, or at a US Arny
Reserve Center. Non-US Air

Force (USAF) organizations on
USAF property are required to
obtain a USAF permt for use of
NRC |icensed material, NORM or
NARM or radiation generating
devi ces. Concurrence of the Air
Force or Navy installation
commander , and/ or RPO is
required to obtain a Dbase
permt. “lonizing radiation
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source” means any source that,
if held or owned by an Arny
agency, would require a general
or specific NRC license or an
ARA.

b. The non-Arny applicant
wll apply by letter wth
supporting docunent ati on
t hrough the appropriate tenant
commander to the installation
commander .

C. The ARP application
wll specify start and stop
dates for the ARP and descri be

for what uses the applicant
needs t he ARP. The
installation commander will

approve the application only if
t he applicant provi des evi dence

to show that one of the
followng is true:

(1) The appl i cant
possesses a valid NRC license
or Department of Energy (DOE)
radi ol ogi cal work permt that

all ows the applicant to use the
source as specified in the ARP
appl i cation.

(2) The appl i cant
possesses a valid agreenent
state license that allows the
appl i cant to use RAM as
specified in t he ARP

application, and the applicant
has filed NRC Form 241, Report
of Proposed Activities in Non-
Agreenent States, (attached at
Appendix H) with the NRC in
accordance with 10 CFR 150. 20.
An  ARP issued wunder these
circunstances will be valid for
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no nore than 180 days
cal endar year.

in any

(3) For NARM and nachi ne-
produced ionizing radiation
sources, the applicant has an

appropriate state authorization
that allows the applicant to
use the source as specified in
the ARP application or has in
place a radiation protection
programthat conplies wth Arny
regul ati ons.

(4) For over seas
installations, the applicant
has an appropriate host-nation
aut hori zation as necessary that
all ows the applicant to use the
source as specified in the ARP
application and has in place a

radi ation protection program
t hat conplies W th Ar nry
regul ati ons.

d. Al ARPs will require
applicants to renove al
permtted sources from Arny
property by the end of the
permtted tine.

e. D sposal of RAM by
non-Arnmy agencies on Arny
property IS prohi bi t ed.
However, t he installation
commander may aut hori ze
radi oactive releases to the

at nosphere or to the sanitary

sewerage system that are in
conpliance with all applicable
Feder al , DCD, and Ar ny

regul ati ons.

f. *NOTE* Moisture/density
gauges, X-ray fluorescence



anal yzers, and other simlar
devices require an Arny or USAF
radi ation permt or exenption.

g. *NOTE* Any ARP should
be witten to all ow sufficient
flexibility and be as generic
in nature as is possible. Once
a permt 1is approved, the
details |isted MUST be adhered
to with no variations all owed.

h. Installation permts
need to be applied for at |east
45 days prior to the start of
the intended use of t he
materials and nust be secured
before radi oactive material are
brought onto a base.

. An NRC |icensed conpany
must notify the RPO before
bringing radioactive materi al
onto a Navy base. A state
licensed conpany nust notify

the RPO and, provide the RPO
with an NRC Form 241 and a copy
of t he conpany's state
radi oactive material |icense
before bringing radioactive
material onto the Navy base.
4- 8. Applying for an NRC
Li cense.
If it is determned that a
Command needs to own
radi oactive mat eri al , t he
followng steps should be
fol | owed:

a. Check with the CO to
ensure that the Command will
support the license and all the

acconpanyi ng costs and
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responsibilities.
b. Find the source of
funding for paying |icensing,

mai nt enance and training costs.

The |icense alone wll cost
between $500 and $4000 per
year. Maintaining and neeting
the license conditions wll

depend on the type and extent
of the license and can easily
reach $2000 a year. Authorized
User s, Aut hori zed Users’
Assi stants, RPGCs, Wil |
require initial annua
refresher training.

etc.
and

c. Contact the RPSO and
coordi nate the |icensing.

d. Oontain a copy of the
NRC Form 313 “Application for
Bypr oduct Mat eri al Usage”
(attached at Appendix H). Al so
obt ai n t he appropriate
regulatory guide (this wll
depend on what radioactive
material you desire and your
i ntended use). The regulatory
guide wll provide good step-
by- st ep i nstructions for
filling out the form

e. An exanple license
application is included at
Appendix H.  Note that the
application wll include a copy
of the Command’ s Radiation
Protection Program and that
the license wll include a
condition (condition #19 in the
exanpl e at Appendi x H) stating
that the application and all
acconpanyi ng docunentation wll
becone a part of the |icense.
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Everything that the applicant
commts to in the application
and subsequent correspondence

will be binding in the |license.
Some tips which may  help
conplete the form are as
fol |l ows:
(1) In Itemb5a, list each
radi onuclide that will be used.
(2) In Item 5b, if wusing

the chem cal
formis “seal ed

seal ed sources,
and/ or physi cal

source.” List t he
manuf acturer’s nanme and the
nmodel nunber of each source.
Do not give serial nunbers;
allow flexibility.

(3) In Item 5¢c, give the
maxi mum anount of each
radi onuclide that wi | | be
possessed at any given tine,
including all mat eri al in
st orage and waste.

(4) In Item 6, describe

the uses in very broad terns.

For exanple: “To be wused in
Troxl er Model 3440 gauge to
measure soil paraneters at

tenporary job |locations within
the United States.”

(5 In Item 7, list no
nore than one individual, and,
i f necessary, one alternate.

The individual (s) nust neet the
trai ning requirenents described
in Chapter 2.

(6) ltem 9,
the instrunents
detect the type of

be sure
listed

In
t hat
will
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radi ati on emtted by t he
radi onuclides listed. Include a
di agram of the work site and
t he radi oactive mat er i al
storage | ocation when it is not
in use.

(7) In Item 10, each

licensee is required to have a
written, site-specific,
Radi ati on Protection Program
One nmethod of developing this
program would be to lift the
applicable sections of this
gui dance and i ncorporate those
sections into a manual, adding
site specific enmergency plans,
poi nts of contact and personnel
lists.

(8) Inltem1l, for sealed
sources, state that "No waste
will be generated. Seal ed
sources wWill be returned to the
manuf acturer for disposal.” If
usi ng unseal ed sour ces,
coordinate with an HP or the
RPO to determine a waste
di sposal pl an.

(9) Photocopy and keep a
copy of the application and al
submttals as these docunents

will probably be “tied down” on
the |icense. When a document
is “tied down, ” it is

specifically identified on the
license and the regulatory
agency can inspect against it,
that is, the applicant nust
abide by all commtnents nade
in those docunents.

(10) Submit the
application and any license fee



to the RPSO

(11) The RPSO w Il review
t he appl i cation, edit as
needed, and f orwar d t he

application and fee to the NRC
in the appropriate region.

(12) Radioactive materi al

may not be ordered until the
applicant has a copy of the
radi oactive material license in
hand.

4-9. Applying for an ARA

a. If it is determned
that an activity needs NORM
NARM or an ionizing radiation
generating devi ce, t he
followng steps should be
fol | oned:

(1) Check with the CO to
ensure that the wunit wll
support the permt and all the
acconpanyi ng costs and
responsibilities.

(2) Find the source of
funding for paying maintenance
and training costs. Al users
of the radioactive material
will require initial and annua
refresher training.

(3) Contact the RPSO and
coordi nate the |icensing.

(4) Obtain DA Form 3337
"Application for Departnent of
the Ar my Radi ati on
Aut hori zation or Permt” and
"Instructions for preparing DA

Form 3337" from your |oca
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forms manager . The
instructions are sel f -
expl anatory. The tips in

par agraph 4-8, “Applying for an

NRC License” apply equally to
Ar ny permts. Copi es are
attached at Appendi x H.

b. The application for an

ARA is made by submtting DA
Form 3337 to the USACE RPSO
The Form does not get sent to
the address listed in the
“I'nstructions for preparing DA
Form 3337”. The application
Wil include a list of all NRC
i censes and ot her ARAs hel d by
the Command. Renewal s or
amendnents will be submtted in
t he sane manner as an origi nal
appl i cation. Requests shoul d
be submtted at | east 120 days

prior to expiration date. A
renewal request received prior
to the expiration date is
considered active wuntil the

renewal approval is received.

4-10. Anmendnent Requests.

a. An anmendnment to an NRC
or Agreenent State radioactive

material license or an ARA is
necessary anyti ne:

(1) additional
radi onuclides or radioactive
materi al of another chem cal or
physical formis desired,;

(2) the use of radioactive
mat eri al changes from the
currently authorized use;

(3) the Radiation
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Protection Program or waste
di sposal nethod wll change
substantially; and

(4) if the RPO is listed
on the license by nanme, and a

new RPO i s then appointed

b. Anendnent requests are
submtted in the same way as
new |icenses or permts.
Li censees my not procure
request ed radi onucl i des or
quantities until the anendnent
has been approved.

4-11.
ARA' s.

Renewi ng Licenses or

a. Radi oactive materi al
licenses are issued for five
years and nust be renewed to
stay in effect. The NRC wil|
send a notice (approximately 90
days in advance) stating that
the license is about to expire.

It will also send the necessary
forme to renew the |icense.
Li cense renewal requests nmnust

be submitted to the RPSO for
review and forwardi ng at | east
60 days prior to the expiration
dat e. If sufficient time is
not available to prepare the
renewal request, the applicant
may ask the NRC (in witing) to
extend the expiration date for
up to 90 days.

b. Li cense renewal
requests that are received by
the NRC thirty days prior to
the expiration date wll be
deened “tinely filed.” The NRC
will send a “tinely filed
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letter”. Wth this letter, the
| i censee may continue operating
under the old license wuntil
they issue the renewed |icense.
If material 1is needed, the
supplier nmay ask to see this
“tinmely filed letter.”

c. If a license is not
renewed in a tinely manner, al
radi onucl i de use nust cease on
the date of expiration. At
this point, the NRC may require

subm ssion of a new license
appl i cation.

d. ARAs also nust be
renewed every five years. The
RPSO wi | send a notice,
approxi matel y 90 days in
advance, to permt holders
informng them that their ARA

is about to expire.

4-12. Transfer
Mat eri al s.

of Radi oacti ve

Should a Command w sh
to transfer radi oactive
material to another Conmmand, a
Request for Authorization to
Transfer Radioactive Materials
(ENG Form 4790-R) nust Dbe
conpl eted and submtted to the
RPSO t hr ough conmand channel s.

a.

A copy of ENG Form 4790-R is
i ncl uded at Appendi x H.

b. The RPSO will review
t he request, and the receiving
Command’ s radi oactive |icense
or ARA to ensure that al
regul ations, license or ARA
condi tions are met , t hen

approve the transfer.



VWhen t he Command
aut hori zati on to
t he RPO

cC.
recei ves
transfer the nmaterials,
shal | ensure t hat t he
radi oactive materi al s are
packaged and shi pped accordi ng
to DOT and NRC regul ations (see
Chapter 8).

d. The RPO shall prepare a
Certificate of D sposal of
Materials (NRC Form 314) and
forward the original to the
RPSO. The RPSO will reviewthe
certificate and record the
transfer in the USACE radio-
active materials inventory. If

the radioactive materials are
listed on an NRC |license, the
RPSO will subm t t he

certificate to the NRC.

4-13. Termnating a Radi oactive

Mat eri al License or ARA

a. Wen a Command no
| onger wi shes to possess or use
i censed or permtted
radi oactive mat eri al , t he
| i cense or ARA must be
t erm nat ed. Li cense or ARA

termnation involves disposa

of all radioactive material, a
survey of the premses for
radi oactive mat eri al

contamnation (a “close-out
survey”), subm ssi on of
di sposal docunentation and the
cl ose-out survey results, and a
witten request for termnation
of the license or ARA submtted

to the RPSO The RPSO w ||
review the request and submt
it to the proper regulatory
agency or DA official for
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accept ance. The cl ose-out
survey nust be perforned in al
areas that nmay possibly be
contam nated wth radioactive
material. Seal ed sources, that
have passed sem -annual w pe
tests pose little hazard of
contam nation and a survey of
the main storage area woul d be
sufficient. Were unseal ed
forms of radionuclides have
been used, the survey shoul d be
conduct ed foll ow ng NRC
gui dance. Nucl ear Regul atory
Comm ssion NUREGs and Reg.
Quides explain the required
sanpl i ng and nmoni tori ng
strategy for different site
types, gridding nethods for
surveys, sanple analysis, data
interpretation techniques, and
docunent ati on requirenents for
term nation surveys.

b. The i cense IS
considered formally term nated
only upon receipt of the letter
of termnation fromthe NRC to
t he RPSO.

4-14. Information Flow through
appl i cabl e USACE Channel s.

a. Al NRCIlicense or ARA
applications, approval s,
amendment s, subm ttals,
termnations, etc., nust be
routed through all Safety and
Cccupati onal Heal t h Ofice
channels (that 1is, “through
channel s”), prior to Dbeing
received for action by the
HQUSACE RPSO. For exanple: a
request to obtain an NRC
i cense anendment woul d fl ow
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fromthe |ocal RPO through the
| ocal SOHQ, t hr ough t he
Di vision SOHO, to the RPSO for
action. Actions woul d be
forwarded from the RPSO in
reverse order

b. Failure to follow the
information flow process is a
viol ation of t he USACE

del egation requirements
specified by the DA. Techni cal
consul tations bet ween NRC
O fices and |icense hol ders at
USACE Commands may take pl ace,
t hough notification of the RPSO
of such communi cati ons IS
reconmmended.

TABLE 4-1
NRC Regi onal O fices
REG ON LOCATI ON TELEPHONE NO.
Regi on | King of Prussia, PA 610- 337- 5000
Region |1 Atl anta, GA 404- 331- 4503
Region |11 Lisle, IL 708-829- 9500
Region |V Arlington, TX 817-860- 8100

St at e Radi ol ogi cal

TABLE 4-2

Heal th Program O fice and 24- Hour
tAgreenent State

Phone Nos.

STATE COFFI CE PHONE NO. 24- HOUR PHONE NO.
Al abamat 205-613-5391 205-242-4378
Al aska 907- 465- 3019 907- 789- 9858
Ari zonaft 602- 255- 4845 602-223- 2212
Arkansast 501-661- 2301 501-661-2136
Californiaf 916- 322- 3482 916- 391- 7716
Col or adot 303-692- 3030 303-771- 8517
Connect i cut 203-424- 3029 203- 566- 3333
Del awar e 302-739- 3787 302-678-9111
District of Colunbia 202-727-7190 202-727-1010
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STATE OFFI CE PHONE NO. 24- HOUR PHONE NO.
Fl ori dat 904- 487- 1004 407-297- 2095
Geor gi at 404- 362- 2675 800- 241- 4113
Hawai i 808-586- 4701 808- 733- 4300

| daho 208- 334- 2235 800- 632- 2235
I'l1'linoist 217-785-9868 217-785-9900

| ndi ana 317-383-6152 317-383-6154

| owat 515-281- 3478 515- 993- 5386
Kansast 913-296- 1562 913-296- 3176
Kent uckyt 502-564- 3700 502- 564- 7815

Loui si anat

504- 765- 1060

504-765- 0160

Mai net

207-287-5686

207-624- 7000

Maryl andt

410-631- 3300

410-922- 7609

Massachusettst

617-727-6214

617-727-9710

M chi gan 517- 335- 8200 517- 336- 6100
M nnesot a 621- 627- 5039 612- 649- 5451

M ssi ssi ppi t 601- 354- 6657 601- 856- 5256
M ssour i 314- 751- 6102 314- 635- 4964
Mont ana 406- 444- 3671 406- 442- 7491
Nebr askat 402- 471- 2168 402- 471- 4545
Nevadat 702- 687- 5394 702- 687- 5300
New Hampshi ret 603- 271- 4588 603- 271- 3636
New Jer sey 609- 987- 6389 609- 292- 7172
New Mexi cot 505- 827- 4300 505- 351- 4651
New Yor kt 518- 458- 6461 518- 457- 2200

Nort h Carolinat

919-571-4141

919- 733- 3861

Nort h Dakot at

701- 328-5188

701-328-2121
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STATE OFFI CE PHONE NO. 24- HOUR PHONE NO
Chio 614-644- 2727 614- 644- 1909
&l ahoma 405-271-7484 800- 522- 0206
O egont 503-731-4014 503-731-4014

Pennsyl vani a

717-787-2480

717-783-8150

Rhode | sl andt

401-227- 2438

401-621- 1600

Sout h Carolinat

803-737-7400

803- 253- 6488

Sout h Dakot a

605- 773- 3364

605-224- 7888

Tennesseet 615-532- 0360 615- 741- 0001
Texast 512- 834- 6688 512- 458- 7460

Ut aht 801- 536- 4250 801- 533- 4097
Ver nont 802- 865- 7730 802- 244- 8727
Virginia 804- 786- 5932 804-674- 2400
Washi ngt ont 360- 586- 8949 360- 786- 8001

West Virginia

304- 588- 3526

304- 558-5380

W sconsin

608-267-4782

800-943- 0003

Wom ng

307-777-7574

Not avail abl e
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Chapter 5. Dose Limts and
ALARA.

5- 1. Cccupational Dose Limt
structure.

As described in Chapter 4,
doses to Authorized Users

Assistants are regul ated by the
NRC or Agreenent State, OSHA

and DA and USACE regul ati ons.
To ensure conpliance with al
regul atory agenci es, USACE has
established a three tiered
approach to worker dose limts.
Tier 1 is the NRC regulatory
dose limts which are never to
be exceeded. Tier 2 is the
USACE dose |imts which are
effectively 10% of the NRC
limts. The USACE |imts wll
ensure that USACE workers wl |l
be in conpliance with OSHA
regul ati ons and Agreenent State
regul ations. Tier 3 is project
speci fic dose goals which wll
be set below the USACE dose
[imts. Proj ect specific dose
goals are used to pronote the
concept of ALARA;, keeping the
dose as low as is reasonably
achi evabl e, t aki ng soci al ,
t echni cal and fi nanci al
considerations into account.
Ar ny and NRC regul ations
require a radiation protection
program that pronotes ALARA
Descriptions and exanples of
the technical definitions of
the various dose itens are
expl ained in paragraph 3-5 of
this manual . Tabl e 5-1
hi ghlights the dose limts put
forth in the three-tiered
appr oach.
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5-2. USACE Dose Limts.

a. Ti er 1; NRC dose
limts. Each user of
radi oactive mat eri al or
radi ati on generating devices

shall limt occupational doses
to individuals to the follow ng
[imts:

(1) An annual limt which
is the nore limting of:

(a) 5 renms (5000 miIlirem
(mem (0.05 sieverts (Sv))
TEDE

(b) The sum of the deep
dose equi val ent and t he

commtted dose equivalent to
any individual organ or tissue
of 50 rens (50000 nrem (0.5
Sv),

(c) 15
nrem (0.15 Sv)
the eye, or

(d) 50 renms (50000
nrem) (0.5 Sv) shallow dose
equi valent to the skin, or any
extremty.

rems (15000
to the |ens of

(2) The TEDE to the fetus
of a declared pregnant worker
wll be kept below 0.5 rem
(500 mren) (0.005 Sv) during the
entire gestation peri od.
Should the worker decl are
pregnancy after the fetus has
received 0.5 rem the fetus
will belimted to no nore than
an additional 0.05 remfor the
remai ni ng gestation period, as
per 10 CFR 20. 1208.
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b. Tier 2 USACE annual
dose limts. Wt hout the
witten approval of the RPSO
the annual occupational dose
shall not exceed the nore
[imting of:

(1) 0.5 renms (500 nrem
(0.005 sieverts (Sv)) TEDE

(2) The sum of the deep
dose equi val ent and t he
coommtted dose equivalent to
any individual organ or tissue
of 5 rens (5000 nrem (0.05 Sv),

(3) 1.5 rens (1500
nrem) (0.015 Sv) to the |l ens of
t he eye,

(4) 5 renms (5000 nren)
(0.05 Sv) shal | ow dose
equi valent to the skin, or any
extremty, or

(5) The TEDE to the fetus

C. Ti er 3 proj ect
speci fic dose goals. To keep
doses ALARA, the user shall set
admnistrative action |levels
bel ow the USACE annual dose
limts. The ALARA action
| evel s shall be realistic and
attai nabl e. ALARA action |evels
can be set at any level, but
need to take the particul ars of
each project into account.
Exanple action levels for a
smal | project involving little
radi oactive material could be:

(1) Shall not
nmore limting of:

(a) 0.1 rens
sieverts (Sv)) TEDE

(b) The sum of the deep
dose equi val ent and t he
commtted dose equivalent to
any individual organ or tissue
of 0.5 renms (0.005 Sv),

exceed the

(0.001

of a declared pregnant worker
will be kept below 0.5 rem (c) 0.15 rens (0.0015 Sv)
(500 mren) (0.005 Sv) during the to the I ens of the eye, or
entire gestation peri od.
Should the worker decl are (d) 0.5 renms (0.005 Sv)
pregnancy after the fetus has shal | ow dose equivalent to the
received 0.5 rem the fetus skin, or any extremty.
will belimted to no nore than
an additional 0.05 remfor the
remai ni ng gestation period.

Table 5-1

Dose Limts

NRC Annual USACE Annual Exanpl e
Body Part Limts Limts Annual ALARA
Limts

Whol e Body 5 rem 0.5 rem 0.1 rem

5-2
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NRC Annual USACE Annual Exanpl e
Body Part Limts Limts Annual ALARA
Limts
| ndi vi dual Organ 50 rem 5.0 rem 0.5 rem
Lens of eye 15 rem 1.5 rem 0.15 rem
Skin 50 rem 5.0 rem 0.5 rem
d. Pl anned speci al calculate the dose received

exposures (see definitions)
shall not be used w thout the
witten consent of the RPSO

e. Persons under the age
of 18 shall not be allowed
occupat i onal exposure to
radi ati on on USACE sites.

f. Because t he
embryo/ fetus IS very
radi osensitive, the NRC has set
| ower dose limts. The dose to
an enbryo/fetus shall not
exceed 0.5 rem (0.005 9Sv)
during the entire gestation
period. To acconplish this, and
to ensure privacy and worKking
rights, the NRC has defined
regul ations for the control of
doses to a Declared Pregnant
Wor ker ( DPW .

(1) A declared pregnant
wor ker means a wonen who has
voluntarily i nf or med her
enployer, in witing, of her
pregnancy and the estimted
date of conception.

(2) A declared pregnant
worker will be provided with a
decl aration of pregnancy form
which the RPOwW I use to

from the date of conception
until the date of declaration.
Exposure limts for t he
remai ning all owabl e dose wll
be set at that tine. A
decl ared pregnant worker may
“un-decl are” at any tine.

(3) The RPO will give the
DPWa copy of the DPW st at enent
(see Appendix H for an exanpl e
(if Social Security Number is
used, ensure proper privacy act
statenment is included)), a copy
of NRC Regul atory Guide 8.13,
and enroll the DPWin a feta
nmoni tori ng program (See chapter
7).

5-3. NRC and Agreenent State
Dose Limts.

a. NRC dose |limts are the
Tier 1 limts. NRC regul ates

only NRC I|icensed source,
byproduct or special nuclear
mat eri al s. Most Agr eenent

States have the sane dose
limts as the NRC, but nost
i ncl ude regul ati on of NORM and
NARM materials and radiation
generating devi ces.

b. Under NRC regul ati ons,
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each user of | i censed
radi oacti ve mat eri al shal
l[imt occupational doses to
i ndi vi dual s as stated in

par agr aph 5- 2a.

c. Note that conpliance
with the USACE dose limts wll
comply wth the NRC and

Agreenment State dose limts

5-4. OSHA Dose Limts.

a. OSHA adopted the NRC

dose |limts as they were
witten before the new 10 CFR
20 was issued in 1991. Note

that OSHA regul ations apply to
al | radi oacti ve materi al s
i ncluding NORM and NARM as
well as radiation generating
devi ces such as X-ray nachi nes.

b. No enployer shall use
radi oacti ve materi al s or
radi ati on generating devices in
a manner whi ch woul d cause any
individual to receive a dose
during one cal endar quarter in
excess of:

(1) 1.25 remto the whole
body; head and trunk; active
bl ood form ng organs; |ens of
eyes or gonads.

(2) 18.75 remto the hands
and forearns; feet and ankl es.

(3) 7.5 remto the skin of
t he whol e body.

Note that conpliance with the
USACE dose |limts wll neet
this requirenent.

5-4

5-5. Monitoring Requirenents.

Bot h OSHA  and NRC have
requirements to nonitor dose to
i ndi vidual s who can reasonably
be expected to receive a dose
greater than 10% of the maxi num
per m ssi bl e dose. Conmpl i ance
wth USACE Tier 2 dose |limts
will keep workers at doses
below 10% of the maxi mum
perm ssi bl e doses. The RPO wi | |
i ssue dosi metry to
occupationally exposed
i ndi vidual s as deened necessary
to denonstrate conpliance with
Feder al , Ar ny and USACE
regul ati ons, and to ensure that
doses are kept ALARA

5-6. Doses to the Public.

a. NRC and  Agreenent
States presently require that a
i censee restrict dose to the
public to 100 nmremfyear TEDE
from licensed activities. The
EDE in any unrestricted area
may not exceed 2 nrem in any
one hour. The maxi mum al | owabl e
dose to the public from
effluents from a licensed
facility is 50 nrenmfyear and
listed in Appendix B of 10 CFR
20 as a cal cul ated
concentration for each specific
radi onucl i de yi el di ng 50

nrem year. For decontam nated
and decomm ssioned facilities
to be rel eased w t hout
restrictions, the dose from
resi dual contam nation nust be
below 25 menmyear to the
public.



b. The EPA has standards

for radioactivity in conmunity
drinking water systenms. The
pr esent st andar ds are 5
pi cocuries per liter (pG/l) of
Ra- 226 plus Ra-228, and 15
pCi/l of gross al pha particle
activity, including Ra-226 but

excluding wuranium and radon.
The present dose limts are 4
nr em year from Dbetal/ gamma-
emtting radionuclides to the
whol e body or any organ.
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C. There are proposed
rules fromboth the NRC and t he
EPA to limt dose to the public
fromradiation to 15 nrem year
Note that this value is so far
bel ow natural background | evels
as to be unnmeasurable by any
i nstrunentation and only
cal cul abl e t hr ough dose
nodel i ng.



Chapter 6. Wor ki ng

radi ati on.

w th

6-1. Caution Signs and Label s.

a. Appropriate
are required in al

war ni ngs
ar eas,

roons, and on all containers in

whi ch significant anounts of
radi ati on or radi oactive
mat eri al may be f ound.
War ni ngs consist of postings
and | abel i ngs. In general,
areas or roonms are “posted”

wi th signs whereas contai ners,

devi ces, equi pnent, etc.
specific

“l abel ed.” The

are

warning to be used depends on
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(1) Posting Caution Signs.

(a) USACE policy is that
any room or area in which
radi oactive material, covered
by an NRC |icense, an Agreenent
State license, or an ARA is
used or stored shall be posted
“Caution, Radi oacti ve
Material ”.

(b) A room or area in
whi ch radioactive material is
used or stored may require
addi tional posting if the dose
rate in the room or area is
likely to exceed 5 ntemin any
one hour at 30 cm from the

the type and degree of hazard source or source container.
present. The RPO will post Tabl e 6-1 specifies when a room
roons, hoods, work areas, etc. or area mnust be posted as a
The AU is responsible for Radi ati on Ar ea, a Hi gh
appropriate | abeling. Radi ati on Area, or a Very High
Radi ati on Area.
Table 6-1
Caution Sign Posting Requirenents
Dose Rate D stance From| Posting Required
Sour ce
1. 5 nmemin 1. 1. “Caut i on,
any one 30 cm Radi ati on
hour . Area”
2. 100 memin 2. 2. “Caut i on,
any one 30 cm Hi gh
hour . Radi ati on
Area”
3. 500 rad in 3. 3. “Grave
any one 1m Danger, Very
hour . Hi gh
Radi ati on
Area”

6-1
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(2) NRC Required Labeling.

(a) Wen a container has a
quantity of radi oactive
material equal to or greater
than that listed in 10 CFR 20
Appendi x C, a "Caution
Radi oactive Material" |abel
wll be affixed to the outside
of the container. Mst gauges
and i nstrunents cont ai ni ng
radi oactive material, such as
soil density gauges, electron
capture sections of gas
chr omat ogr aphs, or sedi nent
density probes wll require
this | abel. The | abel shoul d be

| arge enough to be conspi cuous.
Standard | abel s are roughly 4"
x 3.5".

(b) Each AU shall, prior
to di sposal of any
uncont am nat ed enpty cont ai ner
to an unrestricted area, renove
or def ace t he | abel or
ot herwi se clearly indicate that
t he cont ai ner no | onger
contains radi oactive material .

(c) Be advised that this
| abel i ng requi r ement IS
separate from the labeling
requi rements of DOI. A package
of radi oactive mat eri al
prepared for transportation may
also need DOT labels as
described in Chapter 8 -
Transportation of Radioactive
Mat eri al .

(d) An AU is not required
to | abel containers when they
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are attended by an individua

who takes the precautions
necessary to pr event t he
exposure of any individual to
radi ati on or radi oactive
material in excess of the
limts when they are in
transport and packaged and

| abel ed in accordance wth DOT
regulations, or containers
which are accessible only to
i ndi vi dual s aut hori zed to
handl e or use them or to work
in t he vicinity t her eof ,
provi ded that the contents are
identified to such individuals
by a readily available witten
record.

b. Signs and | abels shal
have a yel |l ow background with a

magenta  or bl ack standard
radi ati on synbol . Lettering
shal | be magenta or bl ack, but

magenta is the preferred col or.

C. Regul ations require
that the follow ng information
be posted in a promnent
| ocation, in sufficient nunbers
to be accessible to all who
work in, or frequent, areas
where radioactive material is
used:

(1) A copy of the license
or permt, condi tions,
ref erences and amendnent s.
This is usually acconplished by
posting a notice of where the
license, license conditions,
ref erenced docunent s and
amendnents are kept. For



exanpl e, "NRC Li cense docunents
are kept in the Dstrict Safety
Ofice and may be viewed by
anyone upon request."

(2) Applicable operating
procedures for the prescribed
use of radioactive material.

(3)

vi ol ati ons

Al | notices of

i nvol ving worKking
conditions, civil penalties, or
order, and the response from
the Ilicensee. These notices
must be posted wthin two
wor ki ng days of their receipt
and nust be posted for a
m ni num of five working days or

until the violation has been
corrected whichever is later
(4) NRC Form3, "Notice to
Enpl oyees" nobst recent version
(rev. Jan 96 as of this
printing), or Agreenent State
equi val ent . (NRC Form 3

i ncl uded at Appendi x H.)

6-2. Airborne Radioactivity.

a. If the activities you
are engaged in are suspected to
create airborne radioactivity
(for exanpl e, vapors or
aerosols), the RPO or HP can
conduct the appropriate surveys
and cal culations to determ ne
i f posti ng t he area IS
required. If necessary, these
areas wll be posted with a
"Caution, Airborne
Radi oactivity Area".

b. The RPO will arrange a
time to conduct the posting of
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each authorized use |ocation
prior to approvi ng t hat
| ocation f or radi oacti ve
material use. A facility

posting checklist is utilized
to docunent postings.

6- 3. Roons/ Areas in \Wich
Radi oactive WMateri al is No
Longer Used or Stored.

The AU is responsible for

noti fying the RPO by nmeno when
radi oactive nmaterial usage in a
room or area has ceased. The
RPO will perform a close-out
survey of the area to ensure no
resi dual contam nation, renove
al | si gns and posti ngs,
docunent the survey and, if
necessary, apply to amend or
termnate all applicable NRC
Li censes and/ or ARAs.

6- 4. Recei vi ng Radi oacti ve
Mat eri al .

a. NRC regulations require
that witten instructions for
recei ving and openi ng packages
be mai ntained and followed by

al per sonnel receiving
radi oactive material. Refer to
10 CFR 20.1906 for conplete

gui dance. The followng witten

i nstructions neet the NRC
requirenents.

b. When a package is
received it will be inspected

as foll ows:

(1) A visual check is made
to see iif +the package is
damaged (wet or crushed). |If
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t here IS evi dence of
degr adati on of package
integrity, the package will be

w pe tested for radioactive
contam nation and radiation
| evel s.

(2) Wpe test the external
surfaces of a | abeled package

(a package labeled wth a
Radi oactive Wite I, Yellow I,
or Yellow |11 | abel as
specified in DOT regul ations,
49 CFR 172) for radioactive
contam nati on unl ess t he
package cont ai ns only
radi oactive material 1in the
formof gas or in special form

as defined in 10 CFR 20 or any
package that appears danmaged,

or if the wpe test results
from the shipper are not
docunent ed.

(3) Survey the external

surfaces of a | abeled package
for radiation |evels unless the
package contains quantities of

radi oactive material that are
less than or equal to the A,
quantity listed in 10 CFR 71

Appendi x A, and the radioactive
material is in the form of a
gas or in special form Tables
6-2 and 6-3 |list sone of the
comon Al (special (seal ed
source) form and A2 (normal

unseal ed form values. Al the
Al and A2 values can be found
in 49 CFR 173.35. Surveying and
W pe testing shall be perforned
as soon as practicable after
recei pt of the package, but not
later than three hours after
the package is received if it
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is received during nornal
wor ki ng hours, or not |later
than 3 hours fromthe begi nning

of the next working day if it
IS recei ved after nor mal
wor ki ng hours.

(4) The receiver wll
i medi ately notify the final
delivery carrier and, by
t el ephone and t el egram
mailgram or facsimle, the
RPSO, and t he NRC  when
removabl e radi oactive surface

contam nati on exceeds

2200 di sintegrations per mnute
(dpm /100 cnt¥ beta, gamma or
220 dpm 100 cnt al pha or if the
ext er nal radi ation | evel

exceeds 200 nrem per hour at
any point on the externa

surface of the package or 10
nrem per hour at 1 nmeter from
t he package.

(5) radi oactive
mat eri al package is received,
t here IS a chance t he
radi oactive material has | eaked
out of the inner container.
One could receive a radiation

When a

exposure if a contam nated
package is opened wthout
t aki ng pr oper precauti ons.
Always assune a radioactive
mat eri al package i's
cont am nat ed unti | proven
ot herw se.

C. SOPs for openi ng

packages should be devel oped
for each site receiving and
opening radioactive naterial
packages. The fol |l ow ng
gui dance may assist in



preparing the procedure:

(1) wear gl oves.

(2) check to be sure the
contents match the packing
slip.

(3)

renove and w pe test
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radi oactive mat eri al ,
requi red above.

(5 if contamnation is
f ound, di spose of al
cont am nat ed shi pping materi al
as radioactive waste. If the
radi oactive material is still
usable, clean the outside of

as

t he i nner cont ai ner if the container, and store in an
contam nation is suspected. Do area posted as necessary, for
not rel ease the contents until radi oactive material. Sur vey
the wi pe test results have been t he recei pt area for
obt ai ned. contam nati on.

(4) if contamnation is (6) deface or renove all
not f ound, store t he | abel s on the uncontam nated
radi oactive materi al in a shi ppi ng box and di spose of as
secure storage area that is normal trash.
conspi cuousl y post ed for

Tabl e 6-2

Typical AL Quantities in Special (seal ed source) Form
H3 . . . . . .. 1000 G Ba-133 . . . . 40 G
c14 . . . . . . . . 1000 G Cs- 137 .30 C
Na-22 . . . . .. .. . . 840 Pm 147 1000 G
P- 32 . 30 C Tl - 204 300 G
S-35 . 1000 G Po- 210 200 C
Co- 57 . 90 G Ra- 226 .. 10 C
Fe-59 . . . . . . . . . 10 G Th- 232 unlimted
Co-60 . . . . . . . . . 7 C U 238 . unlimted
Ni -63 . 1000 G Am 241 8 C
Sr-90 . .10 G Cf - 252 2 G
|-125 . 1000 G
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Tabl e 6-3
Typical A, Quantities in Normal (unseal ed) Form

H3 . .. . . . . .. 20 C cr-252 . . L. 0.009 G
C 14 . 60 Ci Ba- 133 10 G
Na- 22 . . 8 C Cs- 137 10 G
P-32 30 G Pm 147 25 G
S-35 . 60 Ci Tl - 204 10 G
Co- 57 . 90 G Po- 210 . 0.2 0C
Fe-59 . 10 G Ra- 226 0.05 G
Co- 60 . 7 G Th-232 unlimted
Ni -63 . 100 G U 238 . unlimted
Sr-90 . 0.4 G Am 241 0.008 G
| -125 . 70 G
6-5. Radi oactive Material and The inventory shall be kept on
Radi ation Generating Device ENG Form 3309-R “Record of
| nvent ory. Radi oactive WMaterial”. A copy

of this form is attached at

a. The RPO for each USACE Appendi x H.

Command is responsible for all
radi oacti ve mat eri al and b. The RPO for each Command
radi ati on generating devices owni ng or possessing
owned or possessed by the radi oactive mat er i al or
Command, regardl ess of whether radi ation generating devices
the material and radiation shal | physically inventory each
generating device is authorized item at |east sem-annually,
under a general license, a and nore often if their |icense
specific license, or ARA I n requires it. This will usually
order to ensure control of all be acconplished along with the
radi oactive mat eri al and sem -annual W pe test. For
radi ati on generating devices, remote sources, such as those
the RPO shall maintain a assigned to dredges, the RPO
witten i nventory of al | may have an AU perform the
radi oactive mat eri al and physi cal inventory  of t he
radi ati on generating devices itenm(s).
within the Command. Inventory
shoul d be categorized into NRC 6- 6. Storing Radi oacti ve
specifically licensed Mat eri al .
mat eri al s, NRC general ly
i censed mat eri al s, ARA The AU is responsible for
aut hori zed material s, and assuring that all radioactive
radi ati on generating devi ces. material is stored in a secure
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manner when not in use. Seal ed
sources used in the field may
be locked in their storage
cont ai ners. Seal ed sources
stored in a building may be
| ocked in a storage room or
storage cabi net. Unseal ed
sources nmay be locked in a
storage contai ner, cabi net ,
dr awer, refrigerator, or
freezer. Labs where unseal ed
sources are wused shall be
| ocked whenever the lab is
unattended. Seal ed sources in
fixed wuse locations nay be
secured in their work position.
The AU nust ensure that where

ever radioactive sources are
stored, proper labeling and
posting, as per paragraph 6-1
IS used.

6-7. Contam nation Control

a. Depending upon the
types and guantities of
radi oactive material in use,

contam nation surveys nmay be
made directly wth portable
survey i nstruments or
indirectly (removabl e
contam nation survey, Ww pe or

SW pe survey) by W pi ng
surfaces (approximately 100
cnt) with a filter paper and

counting the w pes.

A direct contam nation survey
is perfornmed using a neter and
detector appropriate to the
nuclides in use in the area.
For exanple, if surveying for
P-32 contam nation, one would
use a GM detector (probe); for
| -125, one would use a thin
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wi ndow Nal scintillation
det ect or (probe). An

i oni zati on chanber woul d not be
appropriate for a contam nation
survey. At the beginning of
each day of use, an
instrunment’s operability should

be checked wth a suitable
check source. Each neter has
an integrator circuit and it
wi | | take tinme for it to
properly respond. It is highly
suggest ed t hat neters be

equi pped with audio circuits so
a surveyor can hear a change in
"click' rates and resurvey
suspected ' hot spots'.

b. Renovabl e contam nati on
consisting of |low energy beta

or al pha emitting
radi onucl ides, such as H 3,
C- 14, or Pu- 239, is Dbest
detected through the wuse of
wi pes and liquid scintillation
counting si nce t he bet a
em ssions from t hese

radi onucl i des have i nsufficient

ener gy to be efficiently
detected by portable survey
i nstrunents, and the al pha

em ssions have of too short of
a range in air to be easily
det ect ed. Wpes may also be
appropriate when attenpting to
detect contam nation in areas
with higher than background
radi ation levels. For exanpl e,
the use of a GM survey neter to

detect contam nation would not
be practi cal if radi ation
levels in an area are already

el evat ed from r adi oacti ve
mat eri al stored wthin the
ar ea. In this situation, a
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w pe test could be perforned
and the wpe counted at a
| ocation away from t he

radi ation field.

c. Wien radiation |evels

in an area are nor mal
backgr ound, portable survey
i nstrunents can be quite

effective in detecting certain
types of radi oactive
contam nation. Mst GMneters
can det ect pP- 32 wth
efficiencies exceeding 20%
|-125 can be detected at
efficiencies nearing 20%wth a
thin cryst al (Nal)
scintillation probe. Al
survey instrunents are only as
good as their nmaintenance. A
portabl e survey neter, in nost
cases nust be calibrated at
| east once every year and
operability verified each day
of use with a check source.

6-8. Wpe Tests.

a. A wpe test, also

called a ‘snear’ or ‘sw pe’
test, IS col |l ected usi ng
various materials. The nost

common material is a filter
paper type material designed
specifically for this purpose.
This material can be used wet
or dry but dry w pe tests are
preferred. Dry tests are
preferred if the chemcal form
of the radionuclide is not
known. |If it 1is not water
soluble, a wpe with a wet swab
will not collect as nmuch of the
contamnant as a dry swab.
Conversely, if a swab is wetted

with an oil based solvent,
wat er sol ubl e contam nants w ||
not be col |l ected as
efficiently. Addi tionally,

many solvents are hazardous
mat eri al s, and shoul d
radi oactive contam nation be

found, the swab may becone a
m xed or conm ngl ed waste. The
wpe test is perforned by
physically wiping the area to
be checked.

b. If water is wused to
nmoi sten the material, caution
must be used to not saturate
the material and to allow the
mat eri al to dry prior to
measur enment . Wat er wi |
attenuate alpha emtters and
allow for false readings when
read wth a survey neter or
sonme counting systems. The NSN
for a box of 500 w pe testers
is 6665-01-198-7573 (a 2-inch
di aneter Whatman filter paper
wor ks wel | al so) . Anot her
common nethod for small spaces
is the use of cotton swabs,
simlar to “Qtips.” A NSN for
a package of these is 6515-00-
890- 1475.

C. W pe testing IS
perfornmed by using the w pe or
filter paper or cotton swab and

W pi ng it over an ar ea
approxi matel y 100 squar e
centineters. Wpe tests are

performed using normal finger
pressure on a dry filter paper
or swab and wiping in an "S"
shape for a distance of 50
centineters and wi ping again in
a backwards "S" shape at right



angles to the first one for
anot her 50 centineters. The
W pe is then analyzed on site
or packaged in an envel ope and
sent to a lab for analysis. |If
an item is too small or
irregularly shaped for this
procedure, then w pe the entire
surface area of small itens or
an accessi bl e 100 squar e
centineter area of irregular
shaped itens.

d. Suggested Ilimts for
renovable contanination are
listed in Table 6-4. Wenever
radi oactive contamnation is
f ound, reasonabl e efforts
should be made to renopve all
cont ani nati on

6-9. Leak Testing.

a. Many seal ed sources are
required by i cense or
aut hori zation conditions to be

| eak tested periodically. Leak
tests are typically required
every six nonths. But sone

license conditions nay require
nore frequent testing. A leak
test is performed in a manner
simlar to a wpe test. The
primary difference is that nost

seal ed sources emt mnuch nore
radi ati on t han most
contam nation, and for ALARA
purposes it is best to keep as
much distance between the
source and t he per son

performng the leak test. This
is done by using |long handl ed
cotton swabs or forceps to hold
t he filter paper swab,
i ncreasi ng the di stance between
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the source and the hand. The
w pe, or swab should then be
placed in its own plastic bag
or glycine envelope to avoid
potentially contam nating ot her

W pes or areas. Since nmany
Commands do not have the
instrunentation available to
det erm ne t he amount of

contamnation froma | eak test,
nost |leak test w pes are sent
to a lab for analysis. USACE
| eak tests shall be sent to
USAI RDC f or anal ysi s.

b. The limts for
contam nati on of seal ed sources
is 0.005 pG per w pe.
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Tabl e 6-4
Accept abl e Surface Contam nation Levels
NUCLI DE AVERAGE ® ¢ MAXI MUM b d REMOVABLE ® ¢
dpni 100 cn? | dpm 100 cn? | dpni 100 cn?
U-nat, U 235, U 238 and 5,000 p 15,000 p 1,000 p
associ at ed decay products
Transurani cs, Ra-226, Ra-228, 100 300 20
Th- 230, Th-228, Pa-231, Ac-
227, 1-125, 1-129
Th-nat, Th-232, Sr-90, Ra- 1, 000 3, 000 200
223, Ra-224, U-232, 1-126, I-
131, 1-133
Bet a-gamma emitters (nuclides 5000 R3-p 15,000 R3-p 1,000 B-p
wi th decay nodes ot her than
al pha emi ssion or spontaneous
fission) except Sr-90 and
ot hers noted above.

@ Where surface contam nation by both al pha-
the imts established for al pha-

exi sts,
shoul d apply independently.

® As used in this table,
em ssi on by radioactive materia

dpm (di si ntegrations per
as determined by correcting the counts per
m nut e observed by an appropriate detector for

and beta-gamma-enitting nuclides
and beta-gamma-enitting nuclides

m nute) neans the rate of

background, efficiency, and

geonetric factors associated with the instrumentation

¢ Measurenments of average contam nant shoul d not
| ess surface area

square meter. For objects of
for each object.

¢ The maxi mum cont am nati on | eve

¢ The amount of

applies to an area of not

renpvabl e radi oactive materia

be averaged over nore than 1
t he average shoul d be derived

nmore than 100 cn?.

per 100 cnt of surface area

shoul d be determined by wiping that area with dry filter or soft absorbent

paper, applying noderate pressure,
materi a

renovabl e contam nati on on objects of

pertinent
shoul d be wi ped.

6- 10. Exposure Rate Surveys.

to contam nation
nmoni t ori ng, it IS al so
inportant to assess exposure
rates resulting fromthe

In addition

and assessing the amount of
on the wipe with an appropriate instrunent of known efficiency. \Wen
| ess surface area is deternined,
| evel s shoul d be reduced proportionally and the entire surface
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radi oacti ve

t he

storage and use of relatively
| arge quantities of high energy

beta or gamm emtters. Thi s
information is inportant in
pl anning and evaluating the
control of tinme, distance, and



shielding in order to mnimze

personnel exposure. In sone
si tuations, a GV nmet er
calibrated at or near the
ener gy of t he radi ation
measur ed, can give a reasonabl e

estimate of the exposure rate.
An ionization chanber will give
the nost accurate estimte of
exposure and should be used
whenever neasuring exposures to
det erm ne posting requirenents,
measuring the transport index
(Tt) of a package, or when
exposures are nore than a few
millirens.

6-11. Acci dent/ I nci dent
Response.

a. There 1is always a
possibility of an accident
i nvol vi ng radi ation or
radi oactive material. USACE

will strive for a zero accident
tol erance |evel. This can be
acconplished wusing Standing
Operating Procedures,
conscientious work practices,
and having and practicing an
Acci dent / Emergency Response
Plan. The plan, required for
all HTRW sites, nust provide
gui dance for response to fire,
natural disasters, radioactive
material spill, and inadvertent
radi ati on exposure. The pl an
will address the follow ng
pr ocedur es:

(1) Evacuati on
bui | di ng/ ar ea;

of t he

(2) Treatnent of
personnel ;

i njured
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*NOTE* Never del ay treatnent of
an injured person because of
actual or potential radioactive
contam nati on

(3) Firefighting;

(4) Spill response;

(5) Personnel
decont am nati on; and

(6) Any additional site

specific requirenents.

6-12. Acci dent/ I nci dent
Reporti ng.

a. Any i ndi vi dual
suspecting or knowng of an
accident, incident, loss or
theft involving radioactive
mat er i al or radiation wll
notify the RPO as soon as
possible. The RPOWwW I notify
the RPSO imediately of any
accident, incident, loss or
theft that requires reporting
to the NRC or other regulatory
agency. The RPO will notify
t he NRC, OSHA  or ot her
regul atory agency in t he
required tine frane, of al
accidents, incidents, |osses or
thefts that require reporting.
The RPSO will notify HQDA
(DACS-SF) of all NRC, OSHA or
ot her agency notifications
within the sane tinme frame as
required by the agency. The
RPSO wi Il also notify DASG PSP
of all exposures exceeding Tier
1 dose limts or OSHA dose
limts and submt copies of

reports to other agencies to
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DASG PSP as required by the
Ar nry Radi ati on Protection
Program All tel ephone reports
will be followed up by a

witten report within 30 days.
b.

wi ||

itens:

Al |
addr ess

witten
t he

reports
foll ow ng

(1) A description of the
material involved, including
the kind, quantity and chem cal
and physi cal form of the
mat eri al ,

t he
t he

(2) A description of
ci rcunst ances surroundi ng
i nci dent,

(3) A statenent
di sposi tion, or
di sposition t he
i nvol ved,

of the
pr obabl e

of mat eri al

(4) An estimate of doses
received by any individuals,
and the circunstances of the
exposur e,

(5) Actions taken, and

(6) Procedures or neasures
proposed or adopted to prevent
recurrence.

c. The follow ng are sone
of the reportable accidents/
incidents, and the required
reporting tines:

(1) Theft or loss of 1000
times the 10 CFR 20, Appendix C
quantity  of a radioactive
mat eri al must be reported
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i mredi at el y;

(2) Theft or loss of 10
times the 10 CFR 20, Appendix C

quantity  of a radioactive
mat eri al must be reported
within 30 days;

(3) Incidents that cause
or threaten to cause an
individual to receive 25 rem
TEDE, 75 rem EDE, or 250 rem

Shal | ow Dose Equi val ent ( SDE)
nmust be reported i nmedi ately;

(4) rel ease of
radi oactive material, either
inside or outside a restricted

A

ar ea, t hat could possibly
result in a 24-hour dose of
greater than five tines the
annual limts nust be reported
i mredi at el y;

(5) Incidents that cause
or threaten to cause an
individual to receive 5 rem

TEDE, 5 rem EDE, or 50 rem SDE
must be reported wthin 24
hour s;

(6) Rel ease of radioactive
mat eri al , either inside or
outside a restricted area, that
could possibly result in a 24
hour dose of greater than the
annual limts nust be reported
wthin 24 hours.

(7) Incidents that
an occupational worker, nenber
of the public, a mnor or an
enbryo/fetus of a declared
pregnant woman to receive a
dose in excess of the

cause



appropriate regulatory dose,

must be reported wthin 30
days;

(8) A rel ease of
radi oactive material, inside a
restricted area, greater than
the license |imts nust be
reported within 30 days;

(9) A rel ease of
radi oactive material, outside a
restricted area, greater than
10 tinmes any license |imt,

regardl ess of
an i ndividual ,
within 30 days.

any exposure to
must be reported

d. Reports must include
the information required in 10
CFR 20 Subpart M or as
required by other regulatory
agenci es.

6-13. Audits and Revi ews.

The their
desi gnee, will audit each
Command t hat possesses a
radi oactive material |icense or
ARA tri-annually. The audit is
to ensure personnel safety and
conpliance wth regul atory
requirenents. The audit may
consist of a records review,
facility inspection, interviews
with the RPO and AUs, and an
exit interviewwith the RPC or
t he Commander, depending on the
activity at the Command. The
audit will be docunented and a
copy furnished to the Commander
and the RPO

a. RPSO, or

b. The RPO wi Il review
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their Radi ati on Protection
Program annually for content

and i npl enentation. The RPO
will assure that the quality
and tineliness of their program
neet the radiation safety
gui delines outlined this
manual . The RPO wll review
all work with radiation within
hi s/ her Conmmand. The RPO wi ||

performthe annual review with
t he purpose of anticipating the
needs of the program in the
com ng year. The review wl |l

be docunented and a copy
forwarded to the RPSO

in

c. Additional audits and
reviews may be perfornmed as
deened benefi ci al to t he
Command by the RPSO the RPQ
or the Comrander.

d. Docunentation Audits.
Docunentation audits may be
performed by the RPSO or their
desi gnee for Conmands with an
NRC | i cense or ARA where little
health risk is posed by
radi ation. A docunent audit
will consist of a review of the
radi oactive materials |icense
or ARA, t he i nventory,
per sonnel dose hi stori es,
recei pt, transfer, and di sposal
records, and |l eak test results.
Defi ci enci es may i ncl ude
i nconpl ete or i naccurate
docunentation. Significant or
mul tiple defi ci enci es may
initiate a field audit.

e. Field Audits. Field
audits will be perfornmed by the
RPSO or their designee for
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the use of
materi al s or
radi ati on generating devices
has the potential to present
greater health risks to USACE
personnel or the public. A
field audit will consist of a
docunentation audit and an on-
site inspection. The inspection

Commands where
r adi oacti ve

w Il concentrate on proactive
radi ati on protection procedures
and processes. These may
i ncl ude:

(1) ensuring pr oper
posting and | abel i ng,

(2) ensuring proper use of
dosi netry,

(3) ensuring proper and
secure storage of radioactive
mat eri al s,

(4) ensuring t hat

radi ati on nonitoring equi pnent
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is of the proper type for the
radi ati on used; t hat t he
instruments have been

calibrated in a tinmely manner;
and that personnel know the
correct nmethods of surveying
for radi ation and
contam nati on

(5) ensuring that any
transportation of radioactive
materials conplies wth NRC and
DOT regul ati ons.

f. US Arny Center for
Heal th Pronotion and Preventive
Medi ci ne (USACHPPM  Surveys.
Presently, USACHPPM  surveys
USACE Commands annual ly.
USACHPPM surveys follow a
saml e protocol / checkl i st
presented at Appendi x I.



Chapter 7. Personnel
Moni t ori ng.
7-1. External Mbnitoring.

a. To indicate the anount
of radiation to which a person
has been externally exposed, an

i ndi vidual nonitoring device
may be used. NRC regul ati ons
define an “i1 ndi vi dual

nmoni toring device” as a device
designed to be worn by a single
i ndi vidual for the assessnent
of dose equival ent. Exanpl es of
dosi meters include fil m badges,
t her nol um nescent dosi neters
(TLDs), pocket i oni zation
chanbers (“pencils”), al arm
rate neters, track et ch
dosi neters, and neutron
sensitive film NRC and OSHA
regul ations require that each
| i censee nonitor occupational
exposure to radiation and
supply and require the use of
dosi neters by:

(1) Adults likely to
receive in one year from
sources external to the body a
dose in excess of 10 per cent
of the Ilimts specified in
Chapt er 4;

(2) Decl ar ed pr egnant

wonen |ikely to receive during
the pregnancy, from sources
external to the body a dose in
excess of 10 per cent of the
limts in Chapter 4; and

(3) An individual entering
a high or very high radiation
ar ea.
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b. Mst individuals who
work in radiation areas never
approach values which require
personnel monitoring.
Statistical eval uati ons of
monitoring results have shown
that 70% of all nonitored
Aut hori zed Users’ Assistants
recei ve no neasurabl e exposure

and another 20% receive |ess
t han 100 nrem per year.
Exposure hi stories have
docunent ed t he f act t hat

usual ly only those individuals
who wor k in r adi ol ogy,
radi ography, and other fields
using high activity sources are
required to be nonitored.

c. Wthin USACE

determ ne which USACE
shoul d wear
USACE personnel
are anong the aforenentioned
| arge percentage of individuals
which are not likely to receive

t he RPO
will
personnel

dosi neters.

a measur abl e dose. Dosi netry
is issued, in nost cases, to
docunent | ow exposures.

d. The RPO will 1instruct
personnel in the proper use of
dosi neters, wi | i ssue
dosi net er s, w | col | ect

dosi neters and submt them for

analysis, and wll review the
anal ysis results. Dosi nmeters
(except direct and indirect
r eadi ng pocket i oni zation
chanbers) will be processed by
a | abor at ory whi ch hol ds

current accreditation fromthe
Nati onal Voluntary Laboratory
Accreditation Program (NVLAP)
of the National Institute of
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St andar ds and Technol ogy
(NI ST).

e. Mst contractors use
vendor supplied services. USACE

personnel will use the US Arny
loni zing Radiation Dosinetry
Center (USAIRDC) for dosinetry
services. Exposures shall be
reported and recorded.
Exposures shall be recorded
using the conputer generated
printout generated by USAI RDC
or NRC Form 5 (a copy for
reference of t he USAI RDC
version of NRC Form 5 is
attached at Appendix H). The
program is adm nistered from
Redstone Arsenal and nmay be
contacted at the foll ow ng:

US Arny M ssile Command

Attn: AMSM - TMDE- SR- D

Redst one Arsenal, AL 35898-5400
commer ci al phone nunber :
(205) 876- 1858.

f. The four chip TLD is
the standard US Arny whol e body
dosi net er.

g. Personnel should not
expose their dosi neter to
security X-ray devi ces,
excessi ve heat, or medica
sources of radiation. Shoul d
j ob condi tions di ctate,
dosi neters may be renoved from
a job site as part of an
enpl oyee’s routine travel to
and from work. At sites where
dosi nmeter use is routine, and
t here IS a responsi bl e
i ndi vi dual to manage t he
dosi neters, the personal
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dosi neters shoul d be stored at
site and not taken hone each
ni ght. A dosineter shall be
returned to the RPO if an
enpl oyee will not be physically
present at the job site for a
period of one nonth or greater.

h. A per son whose
dosineter is |ost, damaged, or
contam nated while working wll
imedi ately exit the radiation

control area and report the
occurrence to the RPO Reentry
of t he person into t he
radiation control area wll not
be permtted W t hout RPO
approval. Dosineters wll not

be utilized by USACE personnel
for operations at |ocations
ot her than USACE sites.

7-2.

| nt ernal Mbnitoring.

a. NRC regulations also
require that each |icensee
noni tor the occupational intake
of radioactive material by and
assess the commtted effective
dose equi val ent to:

(1) Adults likely to
receive in one year an intake
in excess of 10 percent of the
applicable ALI; and

(2) Decl ar ed pr egnant
wonen |ikely to receive during
the pregnancy, a conmmtted
effective dose equivalent in
excess of 50 nrem

is
bot h

b. | a |icensee
required to nmoni t or
external and internal



exposures, then the external
and internal doses nust be
summed to denmonstrate

conpliance with the dose limts
specified in Chapter 5.

c. Internal nonitoring can
be achieved via bioassay. A
bi oassay is a determ nation of
t he ki nd, gquantity, or
concentration and |ocation of
radi oactive material 1in the
body. A direct (in vivo)
bi oassay neasurenment my be
made by whole body counting
(that is, counting the gamma-
rays emanat i ng from a
radi onuclide in a given organ).
An indirect (in vitro) bioassay
measurenent nmay be nmade by
assessing the quantity of a
specific radi onucl i de in
sanples that are excreted (for
exanpl e, urine, feces, or
bl ood). There are four types of
bi oassays:

(1)

potenti al

(2)
specified
exanpl e,

o (3)
Wthin two weeks of
possi bl e exposure when
operations are bei ng
di sconti nued or when the worker

Basel i ne: Prior to

exposure;

At a
(for

Rout i ne:
frequency
quarterly);

Post oper ati onal :
the | ast

is termnating duties wth
exposure to radi oi sotopes; and
(4) D agnostic: Follow up

bi oassay performed wthin two
weeks of any nmeasurenent
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exceeding the action Ievel.
This wll confirmthe preceding
measur enent and allow an
estimate of effective half-
life.

d. Wthin USACE, personnel
shall participate in a bioassay
program when they are likely to
receive an intake that may
result in a commtted effective
dose equi val ent of 100 nrem or
nmore, or, when an intake of
radi ation is suspected for any
reason. Specific bioassay
requirenents will be determ ned
by the RPO for each job site.
Bi oassay procedures, supplies,
| ab anal ysi s and dose
assessnent may be obtained on a
cost reinbursable basis from
the US Arny Center Health
Pronoti on and Preventive
Medi ci ne ( USACHPPM) ,
Radi ochem stry and Analysis
Program (RAP), commer ci al
phone, (410) 671-3983.

e. Per sonnel shal | be
notified pronptly of positive
bi oassay results, as well as
the results of dose assessnents
and subsequent refinenents.
Dose assessnment results shal
be provided in terns of ntemto
t he organ(s) and whol e body.

f. Per sonnel shoul d
participate in di agnostic
(foll ow up) bioassay nonitoring

when their routine bioassay
results indicate an intake in
the current year wth a
commtted effective dose

equi val ent of
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g. Managenent shoul d
require a post - oper at i onal
bi oassay when a person who
participated in the bioassay
program term nates enploynent
or concl udes work involving the
potenti al for i nt er nal
exposur e.

7-3. Advanced Mbnitoring.

a. Miultiple dosineters may
be issued to personnel to
assess whol e-body exposure in
nonuni formradiation fields or
as required in radiation work
pl ans. Nonuni form radi ation
fields exist when the dose to a
portion of the whole body wl|
exceed the dose to the primary
dosinmeter by nore than 50
percent, and, the anticipated
whol e- body dose is greater than
100 nrem

b. The wuse of an alarm
rate neter is encouraged for
entry into a high radiation

area or when a planned dose of
greater than 100 nrem in one
week is expected. An alarm
rate nmeter provides an early
warning of elevated exposure
through the use of a preset
dose rate or an integrated
dose. A direct r eadi ng
(pencil) dosineter may be used
in place of an alarm rate
meter. A pencil dosineter with
the |owest range applicable
(typically 0-200 nR) should be
selected. The alarmrate neter
or the pencil dosinmeter should
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be worn simultaneously with the
primary dosineter. The al arm
rate nmeter or pencil dosineter
shoul d not be allowed to exceed
75 per cent of full scale.

c. The establishnment and
mai nt enance of a conprehensive
area nonitoring program may

mnimze the nunber of areas
requiring the issuance of
per sonnel dosi net ers, and,
denonstrate that doses outside
radi ati on wor k ar eas are
negl i gi bl e. Mnimzing the
nunber of personnel dosineters
issued lowers the costs of

operating the dosinetry program
and reduces costs associated
with maintaining personnel with
enhanced training and
qual i fications.

d. Area-moni toring
dosi neters should be used in
controll ed areas to suppl enent
existing nonitoring prograns,
and to provide data in the
event of an energency. Ar ea-
noni tori ng dosi meters shoul d be

used to record and docunent
radiation levels in routinely
occupi ed ar eas t hat are
adj acent to areas where radia-
tion, or oper ati ons W th
radi ati on exi st. Ar ea-
monitoring dosineter results
could be used to support
dosinmetry investigations if
per sonnel express concerns
about their work environnents
and possi bl e exposure to

i oni zing radi ati on.

e. Any pregnant worker who



wi shes to voluntarily enroll in
the fetal nonitoring program
needs to contact the RPO

(1) The worker wll be
provided with a decl aration of
pregnancy statenment which the
RPO will use to calculate the
dose received fromthe date of
conception until the date of
decl aration. An exanple of this
st at enent IS i ncl uded at
Appendi x H (if Social Security

Nunmber is wused ensure proper
privacy act st at enent IS
provided). Exposure limts for
the remaining allowable dose
wll be set at that tine.

(2) A copy of t he
conpl et ed decl aration of
pr egnancy st at enent NRC
Regul atory @uide 8.13, and a

fetal nonitoring dosineter wll
be provided to the declared
pregnant worker as soon as
practical . The fetal
nmonitoring dosineter is to be
worn at wai st |evel versus the
standard whol e body dosineter
which is worn at the collar.
If a lead apron is utilized
the fetal dosineter is worn
under the apron and the whole
body dosineter outside the
apron.
(3) The exposure levels
for fetal nonitoring dosineters
wi | | be closely evaluated
t hroughout the entire gestation
period by the RPQO A fetal
ALARA | evel has been set by the
RPSO at an exposure of 40
nrenmi nonth. Should this | eve
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be exceeded, the declared
pregnant worker wll receive
i mrediate notification, and
actions will be taken to reduce
any further exposure.

(4 At the end of the
pregnancy, or if the worker
rescinds her pr egnancy
decl aration and wi shes to cease

fetal nmonitoring, the declared
pregnant woman shoul d cont act
the RPO to discontinue the
fetal nonitoring dosineter. A
fetal exposure final report
wi |l be generated.
7-4. Exposure Reporting.

a. The RPO will furnish

each worker annually with a
witten report of the worker’s
dose.

b. At the request of a
wor ker who is termnating
enpl oynent , t he RPO wll

provide (within 30 days of the
request) a termnation report
regarding the radiation dose
recei ved by that worker for the
current year or fraction
t her eof . If the npbst recent
results are not avail able at
that time, a witten estinmate
of the dose will be provided
wth a clear indication that
this is an estinmate. The RPO
can obtain this infornmation
f r om USAI RDC.

c. It is each individual’s
responsibility to notify the
RPO when they term nate work

i nvol ving radi ati on exposure.
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d. A worker formerly
engaged in activities
controll ed by USACE, may
request a witten report of

hi s/ her exposure to sources of
radi ation for each year that

he/ she was nonitored. The
report will be prepared by the
RPO, will cover the period of

tinme t hat t he wor ker’ s
activities involved exposure to
radiation, wll include the
dates and | ocations of work,
and will be furnished to the
worker within 30 days of the
request. The RPO can obtain
this information from USAI RDC.
The RPO can provide a detailed
interpretation of a nonitoring
report form Information which
may be useful when reading a

nmoni tori ng report IS as
fol |l ows:

(1D A HARD exposure
relates to the whole body
exposur e ( DDE)

(2) A SOFT exposure

relates to a skin exposure
( SDE) ;

(3) An EYE exposure
relates to an exposure to the
lens of the eye (Lens Dose
Equi val ent); and

(4) A dose of 000.000 or
‘M i ndi cat es a m ni num
reading. This nmeans the dose
for the nonitoring period was
below the m ninmum neasurabl e
quantity for the type of
dosi neter used. Usual m ninmum

val ues are as foll ows:

(a) Wol e Body Badge - 10
nrem for X-and ganma-radi ation
40 nrem for energetic beta
radi ati on; and

(b) Ring Badge - 10 nrem
for X- and gamma-radi ation, 30
nrem for energetic bet a
radi ati on.

e. Each RPO has
i nformation rel evant to
enrolling in the program A DD
Form 1952 (avail able through
the local fornms manager) nust
be conpleted and forwarded to
t he RPO

f. Al individuals nust
provide a dose history to the
RPO if they are likely to have
received in excess of 10% of
any applicable annual Ilimt.
Addi tionally, any individual
who had been nonitored at
another facility during the
current cal endar year nust
provide the RPO with pertinent
exposure dat a. Thi s exposure
data will allow adjustnments to
be nmade so that the annual dose
limts are not exceeded. Both
of these are required prior to
enrolling in the dosinetry
program

g. Al personnel requiring
bi oassays will be sent a copy
of their bioassay results on an
annual Dbasis. An i ndividual
may request the result of any
bi oassay at any tine.



Chapter 8. Transportation of
Radi oacti ve Materi al

8-1. Purpose.

This chapter is intended to
i ntroduce contai nnent, control,

and comuni cation requirenents
when transporting radioactive
material. This chapter is not
an exhaustive review of all
regul atory requirenents which
pertain to shipping radioactive
mat eri al .

8-2. Applicability.

This chapter applies to all
personnel who ship or transport
radi oactive material and all
per sonnel who supervi se
oper ati ons whi ch i nvol ve
shi pments or transportation of
radi oactive material .

8-3. Regul ati ons.

a. The transportation of

radi oactive mat eri al IS
regul at ed jointly at t he
Federal |evel by the DOT and
the NRC. The division of
responsibilities between DOT
and NRC is specified in a
menor andum of under st andi ng.
DOT regul ates shi ppers,
carriers, Type A packages and
LOW SPECIFIC ACTIVITY (LSA
packages, and it i ssues
Certificates of Conpet ent
Aut hority for | nt er nat i onal
Shi prent s. Rel evant DOT

regul ati ons may be found in 49
CFR 170-189.
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b. NRC regulates Type B
and fissile packages; it 1is
responsi bl e for transportation
saf eguar ds; it investigates
accidents/incidents, and it is
a technical advisor to DOT.
Rel evant NRC regul ati ons may be

found in 10 CFR 71. It is
worth noting that 10 CFR 71.5
requires NRC licensees to
conply with 49 CFR 170-189.

C. DCE controls and
regul ates shipnments of U S.
Gover nnent program rel ated
nucl ear mat eri al s. DCE

requires shippers and carriers
of non-weapons under their
authority to conformto DOT and
NRC regul ati ons.

d. US.  Postal Service
(USPS) regul ations for mail abl e
radi oactive material my be
found in USPS Publication 6,
|atest edition (March 1990)-
“Radi oactive Mat eri al .”
Mai | abl e packages are limted
to t hose nmeeti ng DOT
requi renments in 49 CFR 173. 421
and 173. 422 for Limted
Quantities and Instrunents and
Articles EXCEPT THAT t he
radi oactivity content in the
package is further limted to
one-tenth of DOT limts in
Table 7, 49 CFR 173. 423.

e. For pur poses of
transportation, radi oactive
material is defined as any
materi al which has a specific
activity greater than 0.002
pG/g (70 Bg/gm [49 CFR
173.403 and 10 CFR 71.10(a)].
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f. Hazardous material is
defi ned by DOT as any
substance, including mxtures
and solutions of substances,
whi ch t he Secretary of
Transportation has determ ned
to be capable of posing an
unreasonable risk to health,
safety and property when
transported in comerce (49 CFR

171.8). Radi oactive materi al
is consi der ed hazar dous
material by DOI's definition.

8-4. Procedures.

a. Nuclear transportation
regul ations ensure safety by
effective containment of the
material; effective control of
the radiation emtted fromthe

package; preventing-
criticality for fissile
radi oacti ve mat eri al ; and
adequate dissipation of any
heat generated in a package.
Primarily, safety in transport
is acconplished by proper
packagi ng of the radioactive
material and by accurately

communi cating any associated
hazar ds.

b. Hazard communication is

achi eved t hr ough correct
mar ki ng, | abeling, placarding,
mani f esti ng, and ener gency
response information.
8-5. Packagi ng.

a. In general, there are

four types of packages used to
transport radi oactive material:
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(1) Strong, tight
containers (STC);

(2) Industrial packagings
(IP-1, IP-2, and | P-3);

(3) Type A packages; and

(4) Type B packages.

b. The package required
for a particular shipnent of
radi oactive mat eri al IS

determ ned by the activity or

quantity of the shipnent. DOT
cat egori zes guantities of
radi oactive material into five
subt ypes:

(1D EXCEPTED QUANTI Tl ES
whi ch i ncl udes:

(a) Limted Quantities
(173.421), nmust be in a STC

(b) | nstrunents and

Articles (173.424),
a STC

must be in

(c) Manufactured Articles

of U DU or Th (173.426), nust
be in a STC, and

(d) Enpty Packages
(173.428), nust be in a STC

(2) LSA QUANTITIES and
SURFACE CONTAM NATED OBJECTS
(173.427), in an industrial
package, in a DOl Spec 7A Type
A package, or in a STC

(3) TYPE A QUANTITIES (p A
or A, values in 173.435), nust
be in a Type A package;



(4) TYPE B QUANTITIES (b
A, or A, values in 173.435),
must be in a Type B package;
and

(5) HI GHWAY ROUTE

CONTROLLED QUANTI TIES (3000 X
A, or A, values in 173.435, or
exceed 27,000 G .), nust be in
a Type B package.

C. When prepari ng a
shi pnment, a person should first
determne the DOT subtype
i nvol ved. Then, the person can
determ ne the type of package
required either by referring to
the informati on and regul atory
citations given above or by
referring to colum 5 of the
Hazar dous Mat eri al s Tabl e
(172.101).

d. Each shipper of a DOT
Specification 7A package (a
Type A package) must nmaintain
on file for at |east one year
after the [ atest shipnment, and
shal | provide to DOT on
request, DOT package
performance test records [49
CFR 173.415(a)].

e. Any shipper of a Type B
package that has been approved
by NRC in accordance with 10
CFR 71 shall be registered with
the NRC as a party to the
approval and the shipnment nust
be made in conpliance with the
approval (49 CFR 173.471).

f. Anyone needing to ship
radi oactive material, but who
has little experience doing so,
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shoul d seek assistance from a
qual i fi ed professional.

8- 6. MarKki ng.

a. Packages
radi oactive materi al
mar ked according to
172. 300. Pr oper
i ncl udes:

(1)

nanme and

cont ai ni ng
nmust be
49 CFR
mar Ki ng

The proper
the identification
nunmber as shown in 49 CFR
172. 101 for packages which are
| ess than 110 gal |l ons;

(2)
anot her
addr ess
(consi gnor)
(consi gnee) ;

(3) The gross nass
greater than 110 pounds;

(4) “Type A’
in Y% inch letters
types of packages;

- (5)
I'iquids;

(6)

i nternati ona

(7) “RQ@ for reportable
gquantities (172.101, App. A).

(8) Shipnents where the
term “radioactive material”
does not appear in the proper
shi pping nanme on the manifest
and shipnents not requiring a
mani f est nust be marked

shi ppi ng

If transferred to
carrier, the name and
of t he shi pper

or the receiver

i f

or “Type B’

for these
“This End Up p” for

“USA”
shi prment s;

for
and
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“Radi oactive Material”

b. The markings nust be
durable, legible, in English,
and printed on or firmy
affixed to the package. The

mar ki ngs nust be di spl ayed on a
backgr ound of a sharply
contrasting color. Mar ki ngs
nmust be | ocated away from ot her
mar ki ngs, such as adverti sing,
that could substantially reduce
t he noticeability of t he
mar ki ng.  Marki ngs nust not be
covered or obscured by | abels
or attachnents.

8-7. Labeling.

a. Packages containing
radi oactive material nust be
| abel ed according to 49 CFR
172. 400. DOT specifies three
categories of | abel s for

packages contai ning radi oactive
material: Radioactive Wite-1,
Radi oacti ve Yel l ow 11, and
Radi oactive YellowlII1. The
| abel required for a package
depends on the radiation | evel
at the package surface and at 1
meter fromthe package surface
[the radiation |evel neasured
at 1 neter, in nmemhr, and
listed without units is also
known as the transport index
(TI)]. Each |abel rmnust include
t he nanme of the radionuclide,
the activity (in SI  units
followed by <curie wunits in
par ent heses), and t he TI
(Radi oactive YellowIl and -11

| abel s only). Proper |abeling
i ncl udes:

8- 4

(1) Labels on two opposite
si des excluding the bottom

(2) Labels affixed near
the markings (sane side) and
oriented in the sane direction

as the markings; and
(3) Label nust be durable
and able to wthstand color

change for 30 days.

b. Packages of Limted
Quantities, I nstrunents and
Articles, and Manuf act ur ed

Articles of U, depleted uranium
(DY), or Th are exenpt from
| abeling requirements.

EXCEPTED QUANTITIES prepared
for shipnment nust have a notice
(as witten below) enclosed in

or on the package, included
with the packing list, or
otherwi se forwarded with the
package. Limted Quantity
packages and Manuf act ur ed
Articles of U, DU, or Th
packages nust have the word
“Radi oactive” on the inner
packagi ng. Enpty packages mnust
have an “Enpty” | abel. LOW

SPECI FI C ACTI VI TY packages nust

have a “Radi oacti ve-LSA’ | abel .

C. Excepted quantities
noti ce. The notice nust
i ncl ude t he name of t he

consi gnor or consignee and the
st at enent “Thi s package
confornms to the conditions and
l[imtations specified in 49 CFR

173.421 for excepted
radi oactive material, limted
quantity, n.o.s., UN 2910; 49

CFR 173. 422 for excepted



radi oacti ve mat eri al ,
instrunents and articles, UN
2911; 49 CFR 173.424 for

excepted radi oactive materi al,

articles manuf act ur ed from
natural or depl eted uranium or
natural thorium UN 2909; or 40
CFR  173. 427 for except ed
radi oactive nmaterial, enpty
packages, UN 2908" as

appropri ate.

8-8. Placarding.

a. A vehicle transporting
a package |abel ed Radi oactive
Yel l ow 111 or a vehi cl e
transporting exclusively LOW
SPECI FIC ACTIVITY packages
and surface cont am nat ed
objects in accordance wth
173.427(b) (3) must be
pl acar ded. The shi pper nust
provide the carrier wth all
necessary pl acards. Pr oper
pl acardi ng incl udes:

(1) Pl acar ds nmust be
di splayed on the front, rear
and both sides of the vehicle;

(2) Pl acar ds nmust be
durable, legible, and readily
visible and nust be at |east
t hree i nches from ot her
mar ki ngs; and

(3) Placards nmust conform
to the shape, size, color and

design requirenents specified
49 CFR 172.500.

b. Placarding 1is also
required for vehicl es
transporti ng H GHWAY ROUTE

8-5
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CONTROLLED QUANTI TI ES; however,
the placard nust be placed on a
squar e backgr ound.

8-9. Manifesting.

a. Persons shipping other
than EXCEPTED QUANTI TIES of
radi oactive mat eri al nmust
describe the mterial on a
shi ppi ng paper as per 49 CFR
172. 200.

b. A shipping paper nust
contain the fol |l ow ng:

(1) A hazardous materia

entry which nust consist of
and/ or appear as foll ows:
(a) Appear as the first

entry on the shipping paper;

(b) Be designated by an
“X” in the hazardous materia
colum (“RQ@ may be used in the
case of hazardous substances);
or

(c) Be highlighted or
entered in a contrasting col or.

(2) A shipping description
whi ch nust i ncl ude:

(a) The basic description
- the proper shipping nane,
hazard class, and
identification nunber (in that
order);

(b) The total

(c) The name of each
radi onucl i de (abbreviations are

quantity;
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aut hori zed);

(d) Physical and chem ca
form(if the material is not in
special form;

(e) Activity per package
measured in SI units foll owed
by curie units in parentheses;

(f) Category
applied (for
Radi oactive Wite-1);

of | abel
exampl e,

TI Radi oacti ve

Radi oacti ve

on
and
| abel s;

g
Yel | ow 11
Yel | ow 111

(h) For a shipnent
fissile materi al s,
172.203(d) (7);

() Type B
Certificate of
NRC or
identification;

(])

of
see

package -
Approval from
DOE, package

| mport/ export

shiprments - U S Certificate of

Conpetent Authority nunber;
(k) “H ghway Rout e

Controlled Quantity” entered

with the basic description for
such shi pnents;

(1) “Limted Quantity” or
“Ltd Qy” entered wth the
basic description for such

shi pnent s;

(m An indication that the

shi prment IS consi gned as
excl usi ve use for such
shi prment s;
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(n) LSA-l, LSAIl, LSA
11, SCO1, or SCO 11 for such
shi pnents; and

(o) An energency response
t el ephone nunber (see paragraph
8-11c).

(3) Each entry nust be
separated from the next by a
comma. The shi ppi ng paper nust
include a shi pping
certification statenent worded
exactly as described in 49 CFR
172.204(a). The certification
must al so include additional
cl auses for sone materials and

nodes of transportation as
described in 49 CFR 172.204.
The shipping paper nust be

si gned by the shi pper.

(4) Wien transported by
public highway, a shipping
paper shall be wthin the

driver's imredi ate reach while
he/she is restrained by the I ap
belt and either readily visible
to a person entering the
driver's conpartnent (that is,
NOT in the glove conpartnent)

or in a holder which is nounted
to the inside of the door on
the driver's side of t he
vehi cl e.

8-10. Hazar dous Wast e
Mani f esti ng.

For a shipnment of hazardous
wast e, whi ch i ncl udes

radi oacti ve waste, a hazardous
wast e mani fest nust be prepared
according to 40 CFR 262. The
RCRA definition of hazardous



wast e i ncludes m xed waste but
not radioactive waste (see
Chapter 9 for a definition of
m xed waste).

8-11. Enmer gency
| nformati on.

Response

a. Persons shipping other
than EXCEPTED QUANTITIES of
radi oactive mat eri al must
supply ener gency response
information as required in 49
CFR 172.600. Thi s energency
i nformati on nust contain:

(1) The basic description
as required by 49 CFR 172. 202;

(2) The imediate health
hazar ds;

(3) The risk of fire or
expl osi on;

(4) Precautions to be
taken in the wevent of an
acci dent ;

(5 Methods for handling
fires;

(6) Methods for handling
spills or |eaks; and

(7) First aid neasures.

b. The informati on nust be
in English and be | ocated away
fromthe package containing the
radi oactive material. The
information required nust be
presented on a shi ppi ng paper,
in a separate docunent (for
exanple, a material safety data

EM 385-1- 80
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sheet), or in a guidance
docunment [40 CFR 172.602(b)].
The i nformation nmust be

accessible to persons entering
t he vehicl e.

c. A 24-hour
response tel ephone nunber
be on the shipping paper. The
emer gency response nunber must
be manned by a person who is
ei ther know edgeable of the
radi oactive material and knows
t he proper energency response
procedures or has inmmediate
access to soneone who does.
The energency nunber nust be

emer gency
must

for either the person nmaking
t he radi oactive mat eri al
shipment or for a conpany
willing to accept t he
responsibility for energency
response. The person making
t he shipnent nust ensure that
the <conpany is capable of
perform ng t he emer gency

response necessary.

8-12. Hazmat Enpl oyee Trai ni ng.

a. A hazmat enployer is
defined by DOT as a person who

uses one or nmore of its
enpl oyees in connection wth

among ot her t hi ngs,
transporting hazar dous
materials in conmmerce. A
hazmat enpl oyee directly
affects hazardous materials
transportation safety. It is a
hazmat empl oyer’ s
responsibility to ensure that
each of its hazmat enpl oyees
receives training such that

hazmat enpl oyees can recogni ze
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and identify hazar dous
materials, know how to respond
in an energency situation, know
self-protection neasures, and
know acci dent prevention
met hods (49 CFR 172.700).

b. Hazmat enpl oyees shall
receive the training at | east
once every two years. Training
provi ded by enpl oyers to conply
with OSHA regul ations (29 CFR
1910.120) or EPA regulations
(40 CFR 311.1) may be used to

satisfy DOT"s hazmat enpl oyee
training requirenents if the
t opi cs specified in t he
pr ecedi ng par agr aph are
covered.

c. Subpart 1, “Radiation
protection program” of 49 CFR
172 requires that a hazmat
enpl oyee’ s annual ef fective
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dose equival ent of occupati onal

radi ati on exposure not exceed
1.25 rem per three nonths or

five rem per 12 nonths (0.125
remper three nonths or 0.5 rem
per 12 nonths for workers under

t he age of eighteen).

8-13. Excepti ons.

Exceptions exist for nearly all
DOT regul ati ons. These
exceptions are listed in Title

49 near each applicable part.
One maj or exception of
i nportance IS t hat t he
| nt ernati onal Air  Transport
Associ ation (1ATA) Dangerous

Goods Regul ati ons nmay be used
in place of Title 49 for any
shi pment where at | east one |eg
of the shipment will be by air.
| ATA is simlar to, but nuch
sinpler than, Title 49.



Chapter 9. Waste nmanagenent.

Radi oacti ve waste nmanagenent is
an i nport ant part of a
Radi ati on Protection Program

There are few options for
di sposal of radioactive waste
and all are costly. A well
t hought out waste nmanagenent
program wll rmake radiation
protection sinpler and |ess
expensi ve.

9-1. Regul ation of Radioactive

Wast es.

a. Oversight Agenci es.

(1)

source,

The NRC regul ates
byproduct and speci al
nucl ear mat eri al only.
Agreenent States may include
NORM and NARM wthin their
jurisdiction. Congr ess
mandat ed that states dispose of
t he radi oactive waste generated
within their borders. The
states forned conpacts to all ow
construction of one facility
for the disposal of waste from
all states within the conpact.
Conmpact conmm ssions regulate
the disposal of waste within
their conpact states and
control the inport and export
of radioactive waste to and
fromtheir states.

(2) The EPA
radi oacti ve materi al
sites, in air em ssions,

regul at es
at CERCLA
and in
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drinking water. Legislationis
underway to allow EPA to
regul ate allowable radiation

exposure to the public from any
man- made source.

(3) Table 9-1 is a listing
of major laws and regul ations
perti nent to | ow | evel
radi oactive waste (LLRW and
m xed waste disposal, site
remedi ati on, and operational
practices. The follow ng
par agr aphs descri be the various
agenci es pr opoundi ng t hose
regul ati ons. This chapter is

not an exhaustive description
or listing of all applicable
| aws and regul ati ons.

|dentification of applicable
laws and regulations is a site-
specific determnation made
only after full consultation
wth a regulatory specialist
and O fice of Counsel

b. Departnment of Arny.

(D) The uU. S Ar ny
| ndustrial Operations Command
(AIOCC), AMSI O DMV Rock 1sland,
I L 61299- 6000, has been
appointed as the executing
agent for disposal of DOD
radi oactive wast e. The

executing agent is responsible
for inventorying and reporting
all DOD waste disposal. The
executing agent also serves as
the POC for the disposal
conpacts and operates two DOD
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TABLE 9-1
Low Level Radioactive Waste Laws and Regul ati ons
DOT EPA NRC OSHA DOE DOD

Regul at es
interstate
transportation
of DOT defined
radi oacti ve
materials

(>2000 pCi/g).
Title 49

Regul at es

m xed wast e,
air and water
em ssi ons.
Title 40

Regul at es
sour ce,
byproduct,
speci al
nucl ear

and

material; also
appl i es DOT

Regul at es

wor ker heal th
and safety.
Still applies
old 10 CFR 20
regul ati ons.
Title 29

Regul at es

radi oacti ve
material on DOE
sites and

nucl ear weapons
material s.
Title 10

Responsi bl e
for DOD

i censed

radi oacti ve
material and
ARA aut hori zed
material s.

regul ations to

AR 385-11

intrastate
shi prents of
radi oacti ve
materi al .
Title 10

storage facilities for 9- 2. Low Level Radi oacti ve
radi oacti ve waste that cannot Waste (LLRW.
be disposed due to conpact
st at us. a. LLRWis defined as all
radi oactive waste that is not
(2) USACE is responsible hi gh | evel waste or uranium or
for renedi ati on of radioactive thorium mlIl tailings. Thi s
wastes at fornerly used defense definition was enacted for

sites (FUDS), and at the pur poses of determ ni ng net hods
di scretion of the installation of disposal of LLRW and high
commander, for renediation of | evel radioactive wastes. Most
radi oactive and m xed wastes on radi oactive waste USACE may
active and base realignnent and manage is LLRW LLRW shoul d
cl osure (BRAC) listed bases. not be construed to present a

The hazards of
radi oactive wast es are
determned by the type and
quantity of radiation emtted.

USACE is also involved wth | ow hazard.
LLRW di sposal during other DOD
installation envi ronnent al

restoration actions. USACE
di sposal of DOD LLRW waste

must be coordinated through the b. Mxed Waste.

HTRW CX. The action wll then
be coordinated wth the DCD M xed waste is defined as waste
executing agent for |owlevel conposed  of NRC regul ated
radi oacti ve waste di sposal . radi oactive materials m xed
wi t h RCRA (Resource
(3) Non-DOD (for exanple, Conservation and Recovery Act)
RCRA Corrective Action) LLRW i sted hazardous wastes, and/or
wast e di sposal Wil | be RCRA characteristic hazardous

coordi nated with the HTRW CX

radi oacti ve
m xed wast e

wast e. The
conponents  of



NRC are
speci al

regul at ed
source, byproduct
nucl ear mat eri al , and the
hazardous conponent of m xed
waste is regulated by EPA. A
hazardous waste is defined in
40 CFR 261 as a solid waste

by the
or

which exhibits a hazardous
characteristic, is "listed" in
the regulations, or is a

m xture of hazardous and solid
wast es.

C. Radi oactive nmateria
whi ch is not source, byproduct
or special nuclear material is
not regulated by the NRC, but
may be regul ated by Agreenent
States, depending on the state
| aws. Hazar dous wastes that
are not RCRA listed or
characteristic hazardous wastes
may be regulated by the state

as a hazardous waste under
state hazar dous wast e
managenment | aws. The state
does not need to be RCRA-
authorized to establish this
aut hority. When non- NRC

regul at ed radi oactive nateri al
is mxed wth RCRA hazardous
waste, or wth state |isted
hazardous waste, or when NRC
regul at ed radi oactive nateri al

is mxed with state |isted
hazardous waste, the waste is
consi dered to be conbi ned

wast e,
wast e.

al so called co-mngled

d. The distinction between
m xed and conbined or co-
mngled waste is inportant
because the disposal options
differ. There are a nunber of
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di sposal options for conbined
or co-mngled waste, but only a
few options for m xed waste.

e. Agreenment States are
listed in Table 4-2. LLRW
conpacts are shown on the map
| ocated in Appendi x H.

f. Mxed Waste Anendnent.
The m xed waste anendment 1S
found in Section 105 of the
Federal Facilities Conpliance
Act of 1992. The amendnent
created a new mxed waste

provision wthin RCRA The
anendnment required DOE to
submt a plan with schedul es

for al | applicable permt
applications, construction
activities and processing of
m xed waste at each of the DCE
sites. Any USACE activity
doing work for DOE should
verify if a plan exists for the
site and if there are any
conpl i ance schedules or permts

in place. Exam nation of
conpliance schedules should
i ncl ude eval uati ng t he
hazardous portion regul ated
under RCRA. The RCRA
conpl i ance schedul es may

contain critical tinme-lines for
USACE to neet in order to stay
in conpliance. The m xed waste

amendnent al so required EPA or

EPA authorized states to
receive a copy of the m xed
waste managenent plan for

revi ew and approval .
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9- 3. El ements of a Waste
Managenent Program

There are five elenments of a
radi oactive waste managenent
program These el enents are:

a. Material tracking;

b. Waste m nim zati on;

c. Waste recycling;

d. WAste storage; and

e. Waste disposal.

9-4. Material Tracking.

Any proj ect i nvol vi ng
radi oactive material will have
a radioactive material tracking
program in effect. Thi s
program w || docunent t he
arrival on site of t he
radi oacti ve mat eri al , t he
package recei pt procedures, an
active i nventory of al |

materials and their |ocations
at all times, all radioactive
wast e generated, and the final
di sposal of the radioactive
mat eri al. Radi oactive materia

wll be tracked wusing the
Record of Radi oactive Materia

form (ENG 3309-R). On HIRW
sites wher e t here IS
radi oactive contani nation, the
radi oactive material wll be
entered into a tracking program
as t he cont am nati on IS

cont ai nerized, or renediated.
Each container will be |abel ed
as described in Chapter 8, and
tracked, frominception unti

final disposal at the disposa
site.

9-5. Waste M ni m zati on.

The nost effective nethod of
dealing with radi oactive waste
is to not generate it. This is
often the case when using
seal ed sources. When wor ki ng
with unsealed sources or on
HTRWsites this is usually not
possi bl e. Radi oactive waste
di sposal costs are based on the
cubic foot of waste at shall ow
land burial sites and by the
gallon at incinerators, SO
there is a financial incentive
to mnimze the anount of waste
produced and the volune of
wast e di sposed. Wher e
radi oactive waste is generated
or packaged, waste m nim zation
techni ques should be wused.
These t echni ques i ncl ude
avoiding equi pment
cont am nati on, limting the
spr ead of contam nati on

decontam nati on of itens where
it is cost effective, efficient
packing of bulky itenms and
conpaction or superconpaction
wher e possi bl e.

9-6. Waste Recycling.

A nunber of conpanies wll
recycle certain radioactive and
m xed wast es. Seal ed sources
are of ten in demand by
conpanies and universities.
Radi oacti vel y cont am nat ed
metal s can be snelted and cast
as parts for di sposal
containers for other



radi oacti ve wast es. If a
project involves recyclable
radi oacti ve wastes, contact the
HTRWCX for a POC at the
recycling conpani es.

9-7. Waste Storage.

Due to the status of some | ow

radi oacti ve waste state
conpacts, there my be no
di sposal option for sone
radi oactive wastes. Storage on
site in nost cases requires NRC
or Agreenent State |icensing of
the site and is generally not
recommended. |If the waste is a
m xed waste, the RCRA tine
limt for storage on-site
Wi thout a part B permt nay be
in effect. The US Arny has
contracted two facilities for
| ong term st orage of
radi oacti ve wastes. Nei t her
facility has a Part B permt,
So neither can store m xed,
conbi ned or co-m ngl ed wastes.
If long termstorage i s needed,
contact the HTRWCX to arrange
for use of the US Arny
facilities.

| evel

9-8. Waste Disposal.

a. Radioactive wastes can
be di sposed of in the follow ng
ways.

(1) An NRC licensed
facility is allowed to rel ease
[imted concentrations of
radi onuclides into the air or
water. Small quantities can be
disposed of in a sanitary
sewer. Concentrations that can
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be di sposed of by these nethods
are listed in Appendix B of 10
CFR 20.

(2) 10 CFR 20 also all ows
di sposal of, and incineration
of liquid scintillation fluids

or animal tissue containing
tritium or carbon- 14 at
concentrations of 0. 05
m crocurie per gram or |ess
W t hout regard to t he
radi oactivity of the nedium
Many liquid scintillation

cocktails contain toluene or
xyl ene whi ch are RCRA hazardous

wast es. The liquid
scintillation cocktails that
contain t hese, or ot her
hazardous wastes, nust still be
di sposed of as hazar dous
wast es.

(3) NRC licensed
radi oactive material which is

consi dered waste and cannot be

di sposed of by the above
met hods, nust be di sposed of at
a i censed LLRW di sposal
facility.

b A classification

system has been developed to
segregate LLRW by hazard for
di sposal at near surface
di sposal sites. The hazard is
based on the longevity and the
radi ation emtted. There are
certain requirenments to be net
for all cl asses of LLRW
intended to facilitate handling
and provide protection to the

site personnel, the nearby
public, and potential intruders
into the disposal facility.
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LLRW is classified as to the
degree of rigor required for
t he di sposal nethod.

(1) The accept abl e
physi cal characteristics of
LLRW and the containers it is
di sposed in are determ ned by
conditions on the disposa
site's radioactive nmateria
| i cense. Exenptions nmay be
applied for and are granted if
there is no increase in the
hazards or risk to the public
and environnent.

(2) Sone LLRWrestrictions
applied at disposal facilities
i ncl ude the foll ow ng:

(a) Waste may not be
packaged in car dboard or
fi berboard boxes.

(b) Liquid LLRW nust be
solidified or packaged in

sufficient absorbent nmaterial.

Solid LLRW containing liquid
shall contain as little free
noncorr osive liquid as
possi bl e, not to exceed
one percent by vol une.

(c) LLRW nust not be
capabl e of det onati on,
expl osi on, or any other violent
deconposition under ordinary
di sposal unit conditions.

(d) LLRWshall not contain
or generate quantities of toxic
fumes or gases during handli ng,
transport, or disposal.

(e) LLRWmust not be
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pyrophoric; waste containing
pyrophoric materials shall be
stabilized or treated to becone
a nonfl ammabl e wast e.

(f) Gaseous LLRW nust be
packaged at | ess t han
1.5 atnospheres pressure at
20 degrees Celsius and each
container will not contain nore
than 100 G total.

(9) LLRW cont ai ni ng
hazar dous, bi ol ogi c, pathogenic
or infectious material nust be
treated to reduce the potenti al
hazard from t he non-
radi ol ogi cal materials.

(h) LLRW nust possess
structural stability to avoid
degrading the contai nnent and
the site. It will generally
mai nt ai n its physi ca
di mensi ons and form under the
expected disposal conditions.
Conditions to consider in
assessing structural stability
i ncl ude wei ght of overburden,
presence of noisture, mcrobial
activity, radiation effects,
and chem cal changes. The
waste form itself may provide
structural stability before or
after processing; or the waste
may be placed in structurally
stabl e containers or structures
for disposal. Cenerally, only
t hose stabilization nmedia which
have been eval uated according
to the stability guidance
requirenments of the NRC s Low
Level Li censi ng Br anch,
Technical Position on Wste
Form are considered acceptabl e



medi a. Liquid LLRW nust be
converted to a form contai ning
as little free-standing and
noncorrosive liquid as
reasonably achi evabl e. The

volunetric content of the LLRW
part of liquid or solid waste
w Il not exceed 1 percent of a
singl e container or 0.5 percent

of t he vol ume of wast e
processed to a stable form

Void spaces within the waste
and between the waste and its
package wi |l be reduced as much
as reasonably possi bl e.

c. CUass A LLRW

(1) dass A LLRWis waste
t hat does not contain
sufficient amount s of
radi onuclides to be of concern
with respect to mgration, |ong
term active site nmaintenance,
and potenti al exposure to
intruders. Cass A LLRWtends
to be stable. dass A LLRWis
usual |y segregated from other
waste classes at the disposa
site. Class A LLRW nust neet
t he m ni mum handl i ng
characteristics required and
descri bed above.

(2) dass A LLRW has
concentrations | ess t han
colums 1 and 4 as shown in
Tabl e 9- 2, Concentrati on/
Activity Level s for LLRW
Cl assification.

d. dass B.

(1) dass B LLRW nmust neet
nore rigorous standards for
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stability t han C ass A
Class B LLRW is nore highly
radi oactive than C ass A

(2)d ass B LLRW has
concentrations greater than
colum 1 and |l ess than colum 2
as shown in Table 9-2.

e. Class C

(1) dass C LLRW nust neet
the nost rigorous standards on
wast e form stability and
addi ti onal measures at the
di sposal facility to protect
agai nst inadvertent intrusion.

(2) dass C LLRW has
concentrations greater than
colum 2 and |ess than colum
3, and less than colum 5 as
shown in Table 9-2.

f. Geater than d ass C.

(1) Waste classified as
greater than Cass C is not
suitable for near surface
di sposal

(2) Geater than Cass C
LLRW has concentrations greater
t han col um 5.

9-9. Radi onuclide

Concentrati ons.

Concentrations nmay be neasured
directly or calculated if there
is reasonable assurance of
correlation to direct
measurenents. I ndirect nethods
of concentration deternination
i ncl ude i nference of one
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nucl i de concentration fromthat tions may be averaged by wei ght
of another which is directly or by vol une.
measur ed, and mat eri al
inventory records. Concentra-
Table 9-2
Concentration/activity levels for LLRWC assification
Concentration Col. 1|Col. 2 Col. 3 Col.4 | Col. 5
Nucl i de G /n¥ G /n¥ G /n¥ G /n¥ G /n¥
C 14 0.8 8
C- 14 activated 80
nmet al
Ni -59 activated 22 220
nmet al
Nb- 94 acti vat ed 0. 02 0.2
nmet al
Tc-99 0.3 3
| -129 0 8
TRU with 10 100
halflife > 5 yrs. nCi/g | nGl/g
Pu- 241 350 3500
nCi/g |nG/g
Cm 242 2,000 | 20,000
nCi/g |nG/g
all halflives <5 700
yrs.
H 3 40
Co- 60 700
Ni -63 3.5 70 700
Ni - 63 acti vated 35 700 7000
nmet al
Sr-90 0. 04 150 7000
Cs- 137 1 44 4600
M xtures are determ ned by the sumof the fractions rule.
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Chapter 10. Laser Safety.
As stated in Chapter 2, any
Command whose personnel are

occupationally exposed to cl ass
I1l1b or class IV lasers shal
have a Laser Safety Oficer

(LSO. The LSO shall ensure
that personnel exposure to
| aser radiation is kept within
guidelines listed in ANS|
Z136.1 and ANSI Z7136.3, and
that work with lasers is

acconpl i shed in accordance with
OSHA regulations as stated in
29 CFR 1926.54, and USACE
guidance in EM 385-1-1. This
shal | be acconpl i shed by
est abl i shing and ensuring
conpl i ance wth Laser
Protecti on Program

a

10- 1.
| asers.

Cl assifications of

Lasers are classified
hazard capabilities.

Z136.1 standard
accurately defi nes t he
cl assifications of | asers
dependi ng on the power output
and |ight wavelength, but in
general the classifications are
as follows:

(1) dass | - Cannot
produce hazardous radiation.
These devices my contain an
enbedded class Illb or class |V
| aser.

a.
by their
The ANSI

(2) dass Il - Continuous
i ntrabeam exposure may damage
the eye. Monentary intrabeam
exposure (<0.25 second) is not

10-1
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damagi ng to the eye.

(3) dass IIl -
t he eye during
i nt rabeam exposure.

(a) - Cl ass LT A:
i nternedi ate power lasers (1-5
mA . Only hazardous for
i ntrabeam vi ewi ng.

(b) -

nmoder at e power

my. In

| asers

Can damage
nonent ary

Cl ass [11B
| asers ( 5-500
general Cass 1I1IB
wll not be a fire
hazard, nor are they generally
capabl e of pr oduci ng a
hazardous diffuse refl ection.

(4) dass IV -
the skin as well as the eye
during nmoment ary i ntrabeam
exposure or exposure to diffuse
reflection. These | asers may be
fire hazards and nay produce
| aser gener at ed air
cont am nant s(ozone) and pl asma
radi ati on.

May damage

10-2 Safety Feat ur es and
Label i ng Requi renents.
The Departnment of Health and

Human Services in 21 CFR 1000-
1050, the ANSI standards, and
USACE EM 385-1-1 require that
certain engi neered safety
features and | abeling be used
with the different classes of
| asers. Table 10-1 cross-
references the safety features

and | abel requirenents for each
class of |asers. Exanples of
| aser | abels and area postings

are included in Appendi x F.
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Lasers may have additional additional | abeling
safety features or [|abeling requi renents.
requi renments. Check t he
manuf acturer’s manual for
TABLE 10-1
Laser Safety Features and Label i ng Requirenents
Safety Feature Cl ass
Saf ety Features I I 1] |V
Protecti ve Housing X X X X
Safety Interlock X X X X
Renot e Connect or X X
Key Contr ol X X
Em ssi on I ndi cator X X X
Beam at t enuat or X X X
Label s | |1 1] |V
Certification and Manufacturer X X X X
Cl ass Designati on and Warni ng Logot ype X X X
Aperture Label X X X
Radi ati on Qut put X X X
Non-interl ocked Protective Housing X X X
10- 3. Laser Protection Program b. A list of training
requi renents for operators and
A Laser Protection Program as byst ander s,
required for Commands where
personnel may be exposed to c. A description of the
class Illa, class Illb or class types and hazard potentials for
IV | aser radi ation should the types of lasers used in the
consi st of t he foll ow ng Command,
el enent s:
d. A description of |aser
a. A list of personnel safety nmeasures used in the
responsibilities and Command,

qualifications,
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e. A conpendi um of
Standi ng Operating Procedures
for the | asers used within the
Command,

f. An energency response
pl an.

10-4. OSHA st andards.

OSHA 29 CFR 1926. 54 addresses
wor ker exposure to non-ionizing
radi ati on. OSHA requires that:

a. Only qualified and
trained personnel work wth
| aser equi pnent,

b. Proof of qualification
shal | be carried by the
oper at or,

c. If the potential for
exposure to direct or reflected
| aser 1ight above the exposure
l[imt exists, then workers wll
be furnished with acceptable
eye protection,

d. Laser work areas nmust
be properly posted,

e. Beam shutters and caps
must be utilized,

f. Unattended | asers shal
be shut off,

g. Only  nechani cal or
el ectrical nmeans will be used
for beam alignnent; beam
alignment will not be made by
eye.

EM 385-1- 80
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h. The beam shall not be
directed at enpl oyees,

i. Lasers shall not be
used in the rain or in foggy
conditions if possible,

j. Each laser shall be
| abeled to indicate its maxi nrum
out put,

k. Lasers shall be used
above the heads of personnel
when possi bl e; and

| . Enpl oyees shall not be
exposed to light intensities
above the exposure limts.

10-5. USACE St andards.

The Arny and USACE have adopted
the current Anerican Conference
of Gover nnent al | ndustri al
Hygienists (ACGH) Threshold
Limt Values (TLVs) as the
limts for enployee exposure to
| asers. The ACAH TLVs are
essentially the same as the
ANSI Z136.1 standards. TLVs are
dependent wupon the wavel ength
of the light and the duration
of exposure. Consult with the
Command Laser Protection
Oficer to determne the TLV
for each laser used within the
Command.

10-6. Protective eyewear.

Protective goggles nmay Dbe
required when usi ng some
| asers. The protection factor
of goggles depends on the
wavel ength of the laser |ight
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and the anount of energy the
| aser can deposit at the site
of exposure. The exact optical
density required for any
specific |aser use scenario may

wavel engths for which they
provi de protection, their
opti cal density at t hose

wavel engt hs, and t he anmount of
visible light that the goggl es

be cal cul ated using equations transmt. The LSO should
in ANSI Z136.1, or Table 10-2 verify the optical density
may be used. (Goggl es nust have cal cul ati on.
a label listing the |aser
Tabl e 10-2
Optical Density Requirenents

Intensity, Optical Density Att enuati on Factor
Cont i nuous Wave Max.
Power Density
(wat t s/ cnt)

0.01 5 10, 000

0.1 6 100, 000

1.0 7 1, 000, 000

10.0 8 10, 000, 000
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Chapter 11. Radio Frequency
(RF) and M crowave Safety.

11-1. DA Limts.

The DOD and DA, in DOD
6055. 11, have adopted the | EEE
C95. 1- 1991, |EEE Standard for
Safety Levels wth Respect to
Human Exposure to Radi o
Frequency (RF) El ectromagnetic
Fields, 3 kHz to 300 CHz
maxi mum per m ssi bl e exposure to
RF | evel s. The gui di ng
principle is that no practice
shall be adopted or operation
conducted involving planned
exposure to RF levels in excess
of the applicable Perm ssible

Exposure Limt (PEL).

11-2. USACE Limts.

USACE, in conpliance with DODI
6055. 11, has adopted the |EEE
maxi mum perm ssi ble exposure

|l evels for a controlled area.
These PELs are presented in
Table 11-1. Mxi num PEL's for

uncontrolled environnents are
presented in Table 11-2.

11-3. OSHA Regul ati ons.

OSHA set a radiation protection
gui de for non-i oni zi ng
radi ation, including
el ectromagnetic radi ation. The
radiation protection guide is a
| evel of radiation which should
not be exceeded w t hout careful
consideration of the reasons
for doing so. The OSHA
radi ation protection guide is
10 mMVcnt (mlliwatts/square

11-1

EM 385- 1- 80
30 May 97

centineter) power density
averaged over six mnutes, or 1
mM hr / cn? ener gy density
averaged over 6 m nutes.

OSHA also requires that a
st andard radi o frequency
radi ati on hazard sign be used
to notify enpl oyees of possible
exposure.

11-4. General Cui dance.

a. As with all radiation,
only personnel who have been
trained in the safe use of the
equi pnent should work with the

equi pnment . Simlarly, only
trai ned per sonnel , usi ng
calibrated i nstrunentation
should be wused to assess,

survey or eval uate non-ioni zing
radi ation fields, per sonnel
exposures and control neasure
det erm nati ons.

b. NOTE: Non-i oni zi ng
radi ati on TLVS may not protect
agai nst el ectromagnetic
interference W th cardi ac
pacemakers. Persons wearing
pacemakers should check the
manufacturer’s literature to
ensure TLVs are adequate to
avoi d interference.

c. The basic dosinetric
paraneter for RF exposure is
the Specific Absorption Rate
(SAR). The SAR of 0.4 watts per
kil ogram has been set as the
maxi mum exposure for humans.
This is a factor of 10 bel ow
t he | evel of exposure
determned to potentially cause
del eterious effects in humans.
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The PELs are listed in terns of
measurable field paranmeters
t hat act as a convenient
correlation to the SAR

d. There are exceptions to
the listed PELs for certain
exposures and situations. These
are listed in DODI 6055.

11-5. Warning Signs.

a. RF warning signs are
required to be posted at al
access points to areas where
| evel s exceed the PELs. Posting
shoul d be det er m ned and
mai ntai ned by the Safety and
Cccupati onal Heal t h Ofice
( SOHO) .

b. Where 10 tinmes the PELs
are exceeded, other warning
devi ces, such as flashing
l'ights, audi bl e si gnal s,
barriers or interlocks should
be used.
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c. RF protective clothing
shall not be used as a routine
met hod of protecting personnel
fromRF levels that exceed the
PELs.

11-6. RF Safety Training.

USACE per sonnel routinely
working wth equipnent that
emts RF levels that may exceed
the PELs shall receive training
fromthe SOHO addressing:

a. hazar ds
of RF,

the potenti al

and
RF

b. procedures
restrictions to contro
exposures, and

C. their responsibility to
limt their RF exposure.

Timely refresher training in RF
safety shall be incorporated
into other periodic safety
trai ni ng prograns.
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Radi o Frequency/ M crowave Perm ssi bl e Exposure Limts for
Control |l ed Environnents

Part A-El ectromagnetic Fields
(f = frequency in MHZ)

Frequency Power El ectric Magnetic | Averaging
Density, Field Field Tinme B2, H°
S Strength Strength Jor S
( MWV cnt) (Mm (Am (m nut es)
30 kHz-100 kHz 102, 106 614 163 6
100 kHz-3 Mz 102, 614 16. 3/ f 6
104/ f 2
3 MHZ-30 MHZ 900/ f 2, 1842/ f 16. 3/ f 6
104/ f 2
30 MHZ-100 MHz 1.0, 61.4 16. 3/ f 6
104/ f 2
100 MHzZ- 300 MHz 1 61.4 0. 163 6
300 MHz-3 GHz f/300 6
3 GHz-15 Gz 10 6
15 GHz- 300 GHz 10 616, 000/ f 12

The exposure values in terms of electric and magnetic field strengths are the values obtained by spatially averaging
values over an area equivalent to the vertical cross-section of the human body (projected areq).

Part B-1nduced and Contact Radi o Frequency Currents*

Maxi mum Current (mA)

Frequency Thr ough Thr ough Cont act
Bot h Feet Each Foot

30 kHz-100 kHz 2000f 1000f 1000f

100 kHz-100 WHZ 200 100 100

*

burns caused by transient discharges when contacting an energized object.

It should be noted that the current limits given above may not adequately protect against startle reactions and
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Part C- Pul sed RF Fiel ds
Frequency Peak El ectric Peak Power Density/ Pul se
Field for Pul se Durations < 100
(kVI'm nsec.
( MWV cnt)
100 kHz - 300 GHz 100 (PEL) (Tag) /5 (pul se wi dth)
Part D-Partial Body Exposures
Frequency Peak Val ue of Equi val ent Power Density
Mean Squar ed (MW cnt)
Field
(V2 n¥ or A% nt)
100 kHz - 300 MHZ | <20*E? or <20*H
300 VvHZ - 6 CHz <20*E? or <20*H <20
6 GHZ - 96 GHZ <20*E? or <20*H <20(f/6000)0. 25
96 GHz - 300 GHZ | <20*E? or <20*H 40

V?/ mt: volts squared / nmeter squared = E (electric field)

squar ed.

A%/ nt: anps squared / neter squared = H (magnetic field) squared.

Tag. average pul se

tine.
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Radi o Frequency/ M crowave Perm ssi bl e Exposure Limts for
Uncontrol | ed Environnents

Part A-El ectromagnetic Fields
(f = frequency in VMHZ)

Frequency Power El ectric Magnetic | Averaging
Density, Field Field Time B,
S Strength Strength |H or S
( MWV cnt) (Mm (Am (m nut es)
30 kHz-100 kHz 102, 106 614 163 6, 6
100 kHz- 134 kHz 102, 614 16. 3/ f 6, 6
104/ f 2
134 kHz - 3 Mz 180/ f 2, 823. 8/ f 16. 3/ f f2/0.3, 6
104/ f 2
3 MHZ-30 MHZ 180/ f 2, 823. 8/ f 16. 3/ f 30, 6
104/ f 2
30 MHZ-100 MHz 0. 2, 27.5 158. 3/ 30,
9. 4X105/ f 1.1668 0. 0636f 1337
f3.36
100 MHzZ- 300 MHz 0.2 27.5 0.0729 30, 30
300 MHz-3 GHz - f/ 1500 30, -
3 Giz-15 Gz - f/ 1500 90, 000/ f
15 GHzZ- 300 GHz - 10 616, 000/ f 12

The exposure values in terms of electric and magnetic field strengths are the values obtained by spatially averaging
values over an area equivalent to the vertical cross-section of the human body (projected ared).

Part B-1nduced and Contact Radi o Frequency Currents*

Maxi mum Current (mA)

Frequency Thr ough Thr ough Cont act
Bot h Feet Each Foot

30 kHz-100 kHz 900f 450f 450f

100 kHz-100 WHZ 90 45 45
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* |t should be noted that the current limits given above may not adequately protect against startle reactions and
burns caused by transient discharges when contacting an energized object

Part G Pul sed RF Fi el ds

Frequency Peak Electric Field |Peak Power Density/
(kVI'm Pul se for Pul se
Durations < 100
nsec.
(MW cn?)
100 kHz - 300 GHz 100 PEL) (T.g) /5 (pul se
wi dt h)

Part D-Partial Body Exposures

Frequency Peak Val ue of Mean Equi val ent Power
Squared Field Density (mWN cn¥)
(V2 n¥ or A% nt)

100 kHz - 300 MHZ <20*E? or <20*H°

300 MHZ - 6 GHZ <20*E? or <20*H <4
6 Gz - 96 GHZ <20*E? or <20*H f/ 1500
96 GHz - 300 <20*E? or <20*H 20
GHzZ

V?/ mt: volts squared / nmeter squared = E (electric field)
squar ed.

A%/ nt: anps squared / neter squared = H (magnetic field) squared.

Tag. average pul se tine.
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